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ABSTRACT 

Micro-perforated panels (MPPs) are widely used for broadband sound absorptions. 

In the presence of flow, MPPs exhibit complex behavior, which can be characterized 

by their surface acoustic impedance. Compared with no-flow conditions, studies on 

MPPs in low-speed grazing flow, especially experimental ones, are scarce. This paper 

reports an experimental study on the acoustic impedance of MPPs inside a flow duct 

with grazing incident waves. Through comparisons with experimentally educed 

impedance data under various flow velocities, the full set of acoustic impedance 

formulae proposed in our previous work is validated, which is further used to 

investigate the sound absorptions of a MPP liner with honeycomb backing. Analyses 

on the sound absorption coefficient curves show that the presence of the grazing flow 

shifts the absorption peak to a higher frequency, widens the bandwidth and alters the 

maximum absorption value. Different from the no-flow conditions, however, the peak 

frequency is found to be less sensitive to the variation of the hole diameter when a flow 

is present.  

 

Keywords: Micro-perforated panel, grazing flow, experimental study, impedance 

formulae validation, sound absorption behavior 
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1. Introduction 

A Micro-perforated panel (MPP) takes the form of a thin sheet with perforated 

holes typically in the sub-millimeter range. With small holes in such a scale, the panel 

itself can provide a high acoustic resistance and a low acoustic reactance, conducive to 

broadband sound absorption without the need of porous materials. Acoustic properties 

of a MPP are usually characterized by its surface impedance, which can be readily 

predicted in the no-flow condition and within the linear acoustic regime[1, 2] . In 

addition to frequency, the acoustic impedance of an MPP mainly depends on its 

geometrical parameters such as hole size, panel thickness and perforation ratio. 

Therefore, materials used to fabricate a MPP can be customized to suit any given 

scenario ranging from large scale buildings[3, 4] to compact mechanical systems[5-7].  

 

In many engineering applications, MPPs are exposed to grazing flows. Due to the 

complex interaction between the acoustic waves and the flow field within and in the 

vicinity of the perforation holes, the prediction of their acoustic behaviors becomes 

technically more challenging. The issue has been arousing great interest in acoustic 

community, exemplified by the persistent effort in establishing various forms of  

theoretical [8-12], semi-theoretical[13, 14] and empirical [15-24] tools for acoustic 

impedance prediction. However, it has been observed that existing acoustic impedance 

formulae may give inconsistent results even for the same test case[22]. Meanwhile, 

existing studies have been overwhelmed by cases in which the diameter of the 

perforation is typically around 1 mm or above, which, in a rigorous sense, is beyond 
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the MPP range. 

 

The research on MPPs with low-speed grazing flows under linear acoustic 

excitation region is scarce, as previously reviewed[25]. Among the most relevant works, 

one may cite Allam and Abom[19] who proposed an set of impedance formulae based 

on the flow Mach number and the experimental work of Malmary et al [26]. More 

recently, a comprehensive numerical investigation on MPPs with grazing flow has been 

conducted[25], which led to the establishment of a complete set of acoustic impedance 

formulae through numerical experiments. However, the proposed formula have only 

been compared with a very limited amount of experimental data reported in the 

literatrure[26]. In a broader sense, it is felt that the lack of sufficient experimental data 

on MPPs under well-controlled testing conditions is a bottlenecking problem, 

hampering the development of the acoustic impedance prediction tools for the study of 

MPPs in flow. Along with this is the insufficient knowledge on the in-situ sound 

absorption of MPPs in the presence of flow as well as its impact on the practical design 

as effective sound absorbers. 

 

The aforementioned issues motivate the present work with twofold objectives: to 

validate the previously proposed acoustic impedance prediction formulae; and to gain 

insights into the sound absorption behavior of MPPs in the presence of a grazing flow. 

To this end, expeirments are conducted to educe the acoustic impedance data of a MPP 

under various flow velocities inside a flow duct using a previously developped 
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impedance eduction technique[27]. The educed impedance data are then used to 

validate our previously proposed impedance formulae. Meanwhile, the effects of the 

grazing flow as well as those of some key parameters of a MPP absorber on the in-situ 

sound absorption coefficient of honeycomb MPP absorbers are investigated through 

embeding the validated impedance prediciton formula into a FEM model.  

 

2. Impedance eduction method 

An inverse approach is used for the acoustic impedance eduction. The impedance 

of a liner, flushed mounted in a flow duct, can be inversely educed by minimizing the 

difference between the experiment results and a wave propagation model, as detailed 

in reference[27]. For the completeness of the paper, the eduction method is briefly 

recalled here. 

 

 

 

Figure 1. Sketch of the system 

 

Figure 1 describes the system under investigation along with the Cartesian 
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coordinate system used in the model. Incident acoustic waves propagate along the duct 

with a grazing flow. A locally reactive MPP absorber, with a length of L, is flush-

mounted on one of the side walls of the duct. The system is divided into three segments: 

a lined segment ( 0 Z L   ) with uniformly distributed surface impedance and two 

unlined ones, upstream ( Z L ) and downstream ( Z L ), denoted by segment 1, 2 and 

3, respectively. It is assumed that the incoming grazing flow in the duct, with an average 

(bulk) Mach number M, is inviscid and uniform across the cross section of the duct. 

Harmonic acoustic waves propagating in the uniform mean flow is governed by the 

convected wave equation: 

2 2

0( ) 0p jk M p
z


 − + =


                                              (1) 

where 1j = −  ; 
0 0/k c=   is the free-space wave number;    the angular 

frequency and 
0c  the sound speed.  

 

Over the rigid and unlined portion of the duct walls, the normal particle velocity 

vanishes, yielding either 

0
p

x


=


                                                             (2) 

or 

0
p

y


=


                                                             (3) 

on the respective parts of the duct. 

 

Over the lined duct portion in segment 2, Ingard-Myers boundary condition is 

imposed, which writes 
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0 0 2( , , ) [ ] ( , , )y sjk v x b z Z jk M p x b z
z


= +


                              (4) 

where 
sZ  is the normalized surface acoustic impedance of the liner absorber. 

 

The acoustic pressure ( ), ,p x y z  in different duct segments can then be expressed 

in the following form based on the classical mode-decomposition theory: 

1( , , ) ( )N Nj z j z

N N N

N

p x y z A e A e
 
+ −− −+ −= +                                     (5) 

2 ( , , ) ( )N Nj z j z

N N N

N

p x y z B e B e
 
+ −− −+ −= +                                     (6) 

3( , , ) ( )N Nj z j z

N N N

N

p x y z C e C e
 
+ −− −+ −= +                                    (7) 

where 
N , 

N  and 
N  are the Nth mode shape functions of the cross section of the 

duct in segments 1, 2 and 3, respectively, analytically expressed as 

1 1( , ) cos( )cos( )N m nx y k x k y =                                             (8) 

2 2( , ) cos( )cos( )N m nx y k x k y =                                             (9) 

3 3( , ) cos( )cos( )N m nx y k x k y =                                            (10) 

with the wave numbers in x  and y  directions being 

1 1 /mk m a=   and 
1 1 /nk n b=  , 

1 1, 0,1,2.....m n =                            (11) 

2 2 /mk m a=  , 
2 0,1,2.....m =                                          (12) 

3 3 /mk m a=  and 
3 3 /nk n b= , 

3 3, 0,1, 2.....m n =                          (13) 

 

The wave number in the y-direction 
2nk  in segment 2 can be sought from the 

eigenvalue problem 

0 0 0 2 2

1
( )[ ] tan( )N N n n

s

k M k M jk k k b
Z

  − − − =                             (14) 

The axial wave numbers  ,   and   in the three segments and their corresponding 
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wavenumbers in the x  and y  directions satisfy the dispersion relation: 

2 2 2 2

0( ) ( ) ( ) ( )x y z zk k k k Mk + + = −                                       (15) 

where the plus and minus superscripts denote waves travelling in the positive and 

negative z directions, respectively. The axial wavenumbers   and   in the unlined 

parts, segments 1 and 3, can be directly derived by using Eqs. 11, 13 and 15. 

 

By defining
1

=s f

s

A A
Z

=  , considering both 
sA   and 

2nk   as functions of   

ranging from 0 (rigid) to 1 (absorber), and differentiating Eqs. 14 and 15 with respect 

to  , the following ordinary differential equation can be obtained 

2

02

2

0 2 0 2 2 0 2 0

( )

tan( ) sec ( ) 2 ( /

f zn

n n n f z n

A k Mkdk

d jk k b jbk k k b A MW k Mk k k 

−
=
− − + − ）

         (16) 

2 2 22 2

0 0

= 1 1 (1 )[( ) ( ) ]m nk k
W M

k k
− − +                                      (17) 

Using the 4th order Runge-Kutta integration scheme by integrating Eq. 16 over   from 

0 to 1, the positive and negative axial wavenumbers as well as their corresponding wave 

numbers in y  direction in the lined part (segment 2) can then be extrapolated. 

 

The acoustic fields in the three segments are coupled together by using the mode-

matching method by ensuring the continuity of the acoustic pressure and axial particle 

velocity at the interface between each pair of segments and the unknown modal 

amplitudes A, B and C in Eqs. 5-7 can be readily obtained given that the incidence and 

the boundary condition at the termination of the duct are known. 
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The unknown liner impedance is then obtained through an iterative procedure by 

minimizing the following objective function, 

* *

, ,exp , ,exp= ( )( )
N

n sim n n sim n

n

F p p p p− −                                        (18) 

where the superscript * represents the complex conjugate; 
,expnp  and 

,n simp  are the 

measured and computed sound pressure in the duct, respectively. 

 

Considering only plane wave can propagate in the unlined downstream segment 

for the present study, the reflection effect of the termination of the duct is included by 

introducing the reflection coefficient only for the plane wave mode, as 0
0

0

C
R

C

−

+
=  , 

which can be obtained by two microphones flushed mounted in the downstream unlined 

part of the duct. 

 

3. Measurements 

3.1 Test sample  

The test sample is a single layer MPP absorber consisting of a micro-perforated 

panel, a honeycomb core and an aluminum backing plate. The edges of the absorber are 

carefully sealed to avoid acoustic leakage. The sample is designed to have a maximum 

sound absorption near 1200 Hz, below the cut-on frequency of the flow duct. The MPP, 

made of aluminum, has a dimension of 500 x 100 mm with cylindrical holes 

manufactured through chemical corrosion. The holes are manufactured to be uniformly 
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distributed over the sample surface. The perforated ratio of the panel is 0.945%. Both 

the diameter of the hole and the thickness of the panel are 0.5mm. The honeycomb core 

is made of ABS resin, forming a backing layer of 25mm thick. It is designed and 3D 

printed to ensure that the center of each honeycomb cell is coaxially aligned with a MPP 

hole. The honeycomb core is bonded to the MPP to rigidify the thin panel and make the 

MPP absorber locally reactive[28]. 

 

 

(a) 

 

(b) 

Figure 2. Test sample (a) Honeycomb core; (b) assembled honeycomb MPP absorber 

 

3.2 Experimental set-up 

Measurements are conducted in a closed-loop low-speed acoustic wind tunnel with 

a background noise of around 82dB at the maximum flow speed (22m/s) considered in 



11 

 

the current study. The working section is about 1.8m long with a cross section of 100 x 

100 mm, corresponding to a cut-on frequency of 1700 Hz. As shown in Figs.3 and 4, 

the honeycomb MPP absorber is flush-mounted on the upper wall of the square duct 

within its working section. Eleven 1 4  -inch microphones (B&K 4935) are used to 

measure the acoustic pressure at different locations along the duct. They are flush-

mounted on the wall of the duct opposite to the absorber and connected to conditioning 

amplifiers (B&K Nexus 2691). The positions and the separation distance between the 

microphones are shown in Fig. 3. A single-tone acoustic excitation generated by a 

loudspeaker is used as the sound source within the frequency range below the cut-off 

frequency of the duct, thus allowing the sample to be exposed to a grazing plane wave 

excitation. Microphone 1 is used to monitor the sound pressure of the acoustic source. 

Preliminary tests are made to ensure the linear property of the MPP absorber by varying 

the incidence pressure levels up to 130dB. In the subsequent analyses, test cases using 

pure tone excitation at 110 dB, are used to make sure the results presented in this work 

are in a range where the MPP behave linearly. The middle span flow profile, upstream 

the absorber, is obtained by measuring the axial velocities at different positions in the 

normal wall direction through moving a pitot tube transversely across the duct. 

 

Prior to the impedance eduction tests, microphones are calibrated to guarantee the 

quality of the measured data. As shown in Fig. 5, two microphones are closely mounted 

in the duct opposite to each other, whose outputs are used to calibrate the pressure 

amplitude and phase. For the calibration, the central portion of the duct are closed by 
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rigid caps. 

 

 

 

 

Figure 3. Sketch of the test setup for eduction of the acoustic impedance of a MPP 

liner  

 

 

Figure 4. Experimental setup for eduction of the acoustic impedance of a MPP liner 
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Figure 5. Setup for microphone calibrations 

 

4. Results and discussions 

4.1 Mean flow profile in the duct 

For a fully developed flow in a duct, the following well-adopted equations [29] can 

be used to calculate the mean streamwise velocity. 

 

u y+ +=                for 5y+   in viscous sublayer                    (19) 

1
ln 5.2

0.41
u y+ += +      for 0.1

y

e
  in the inner flow region               (20) 

2.760.008( )
clu u y

u e

− −

−−
=     for 0.1

y

e
  in the outer flow region                (21) 

 

where u u u

−
+ =  , y yu v

+ =  , u
−

  is the mean streamwise velocity, clu
−

  is the 

centerline velocity, u  is the friction velocity and e  is the half channel height. u  
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can be calculated by 

8
u u


=                                                           (22) 

1/5

0.178
=

eR
                                                            (23) 

in which u
is the free-stream velocity of the incoming flow,   is the Darcy friction 

factor proposed by Fujita [30] for a square duct. Reynolds number 
e

hu
R

v

= , with h  

being the height of the square duct. 

 

The inner flow region described by Eqs. 19 and 20 is universal and independent 

of the channel geometry. However, the geometry of the channel is important to the outer 

flow region described by Eq. 21, which here is interpolated from the experimental data. 

The measured mean stream-wise velocity profiles, upsteam the MPP absorber, for 

different average flow Mach numbers are shown in Fig. 6, along with the theoretically 

calculated profiles. The good agreement between the two sets of data confirms the full 

development of the flow and also verifies the averaged Mach numbers calculated from 

the measured data. 
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Figure 6. Mean flow profiles upstream the liner at different flow velocities 

 

4.2 Measured and predicted MPP acoustic impedance 

 The previously proposed formulae[25], for the prediction of the acoustic 

impedance of MPPs with grazing flow, are compared with the educed impedance data. 

 

The normalized acoustic impedance of MPPs with grazing flow is written as 

flow flow flowZ R j= +                                                    (24) 

where, 
flowR   and 

flow   are the normalized acoustic resistance and reactance of the 

MPPs, respectively, detailed as 

 

3.236

0

2.195

0

0.0356 0.0157

1.369 2.331

flow in

t Gt
R R

d c

t fd

d c





−

−

  
= + +  

   

  
+ −  

   

                                (25) 
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0

8

3

(1 0.6 / )exp ( / 0.12 / ) / (0.25 / ) 0.6 /

flow

d
t

c

t d Gv ft d t t d t d


 

 



 
= + 

 

 = + − − + −
 

           (26) 

 

In the above expressions, 

1
2 2

2

0

32
= 1

32
in

vt K
R

c d

 
+ 

 
 ; / 4K d v=  ; t   is the 

thinckness of the panel; d  the diameter of the hole;   the perforated ratio of the 

panel; f  the frequency and v  the kinematic viscosity of the air. G  is the velocity 

gradient in the viscous sublayer, which can be calculated by 

2

=
8

u
G

v

                                                           (27) 

 

It is relevant to note that the above impedance formulae use the velocity gradient 

in the viscous sublayer over the duct wall as the key parameter to characterize the flow 

effect. The resistence part is obtained through curve fitting a large amount of CFD 

simulation data under various flow and acoustic conditions, whilst the reactance part is 

taken from Cummings[21] after being cast in terms of G  . The proposed formulae 

have been validated in our previous work[25] through comparions with the 

experimental data reported in reference [26]. However, as the published experimental 

data on MPPs with grazing flow are scarce and limited to some very specific test 

configurations, we will use the educed experimental impedance data under varisous 

flow velocities to provide further validation of the proposed impedance formulae. 

 

Fig. 7 shows the comparison of the acoustic impedance between the results 



17 

 

predicted by the proposed impedance formulae and the experimentally educted data at 

different flow speeds, corresponding to three different Mach numbers. The comparison 

shows acceptable agreement between the two sets of results. Discrepancies on the 

resistance observed at low frequencies are mainly due to the limited length of the liner 

with respect to the acoustic wavelegth to support the impedance eduction process [31]. 

Meanwhile, when approaching the cut-on frequncy, the non-planary nature of the 

acoustic waves start to gradually show, which may also partly explain the deviation at 

the high frequency end of the curves. Nevertheless, the comparison indicates that 

although the acoustic resistance prediction formula is established based on CFD 

generated data through numerical experiments in a relatively ideal environment, a 

resonable agreement between the prediction results and experimental data at various 

flow speeds can still be observed. As to the reactance part, the formula developed by 

Cummings [21] can give reasonably good agreement with the experimental data as well. 

It is worth noting that the experiments were designed and carried out in accordance 

with the validation range of the proposed impedance formulae, specified in [25]. As to 

other more complex cases which go beyond the flow-duct configuration or the pre-

defined application range [25] like flow with a higher Reynolds number over an open 

space, further investigations are needed to assess the applicability of the proposed 

impedance formula. 
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(a) 

 

(b) 
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(c) 

 

Figure 7. Comparisons of the acoustic impedance obtained from the prediction 

formulae and experiments at different flow velocities 

 

4.3 Measured and predicted sound absorption coefficient 

The validated impedance formulae are used to study the in-situ sound absorption 

behavior of MPP absorbers with grazing flow. The sound absorption coefficient   is 

defined as the fraction of the sound power absorbed by the MPP absorber over the 

injected sound power when an incident plane wave is transmitted through the duct, 

which writes 

 

=
in out reflect

in


 − −


                                                 (28) 
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where  

 

2

0 02

i

in

p
S

c
 =                                                      (29) 

2

0 02

r

reflect

p
S

c
 =                                                    (30) 

 

are the incident and reflected sound power in segment 1, respectively. In Eqs. (29) and 

(30), S   is the cross-section area of the duct, ip   and rp   are the pressure 

amplitude of the incident and reflected waves in segment 1, respectively, which can be 

obtained from two upstream microphones (M1 and M2 in Fig.3) by using model-

decomposition method. 

 

The transmitted sound power can be derived by  

 

1010

in
out TL


 =                                                         (31) 

 

where 
10=10log in

out

TL



 is the transmission loss measured by using the two source 

method [32]. 

 

A 3D finite element method is employed for the sound absorption coefficient 

calculation. In view of the low flow speed in the duct, the convective effect on the wave 
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propagation in the duct is neglected[7]. Therefore, the acoustic medium itself is 

considered to be still and the grazing flow effects are included in the acoustic impedance 

of MPPs by using the aforementioned validated formulae. The entire honeycomb MPP 

liner used in the model is treated through introducing a surface impedance described by 

0cot( )s flowZ Z j k D= − , where D  is the depth of the backing cavity. Eqs. 29 and 30 

are still used to calculate the incident and reflected sound power. However, considering 

the non-reflective boundary condition at the end of the duct in the finite element model, 

the transmitted sound power is calculated by 

2

11

0 02
out

p
S

c
 =                                                       (32) 

where 11p  is the calculated pressure amplitude of the point M11, as shown in Fig. 3. 

 

For comparisons, the conventionally used equivalent electric circuit method is also 

employed to calculate the sound absorption coefficient as, 

( ) ( )( )
22

0

4Re ( )

1 Re ( ) Im ( ) cot /

al Z

al Z ag Z D c



=

+ + −
                          (33) 

where Z  is the normalized acoustic impedance of MPPs. 

 

Comparisons of the experimentally measured and FEM predicted sound 

absorption coefficients of the honeycomb MPP liner are depicted in Fig. 8. The results 

show good agreement between the FEM prediction and the measured data at various 

flow speeds in terms of the maximum absorption value, bandwidth and the location of 

peak frequency. These comparisons provide additional evidence that the acoustic 
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impedance prediction formulae established in our previous work is valid and can be 

used to predict the acoustic performance of the MPP absorbers with grazing flow.  

Also shown in the figure are the absorption coefficient curves predicted by the 

equivalent circuit method where a considerable discrepancy, in terms of both the 

resonance frequency and absorption value, can be noticed. This is somehow expected 

due to two factors: first, the equivalent circuit model considers normal acoustic 

incidence, which is obviously different from the grazing case considered here; second, 

the liner in the duct is of finite size in the stream-wise dimension. The acoustic 

scattering due to the impedance discontinuity at the junctions between the lined and 

rigid walls gives rise to an acoustic field different from that for the stream-wise infinite 

case. Such an influence generally decreases with the increase of the liner length. In 

summary, the result in Fig. 8 implies that the absorption coefficient formulae which is 

commonly used in building acoustics cannot accurately estimate the absorption 

performance of an MPP absorber in a duct and the consideration of full set of the flow 

duct with the proposed acoustic impedance formulae is necessary.  
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(a) 

 

(b) 
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(c) 

 

Figure 8. Comparisons of the sound absorption coefficient among numerical 

predictions, the equivalent electric circuit method and the experimental data at 

different flow velocities 

 

5. Parametric studies 

The absorption coefficient of a MPP absorber depends on multiple parameters 

such as the hole diameter, panel thickness, perforation ratio, cavity depth and grazing 

flow speed. Without flow, the influence of these parameters on the sound absorption 

coefficient is well established. This is not the case when a flow is present due to the 

very limited research on MPPs with grazing flow. Hereafter, parameter studies are 

carried out by using the validated impedance formulae and the finite element method 
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to revisit these issues. 

 

The normalized acoustic impedance and the corresponding sound absorption 

coefficient of the honeycomb MPP absorber at different flow velocities are plotted and 

compared in Fig. 9. It can be seen from Fig 9a that in the presence of grazing flow, the 

resistance is nearly constant in the entire frequency range while the reactance increases 

with the frequency. In addition, the mean flow velocity strongly affects both the 

resistance and the reactance of the MPP. With the increase of the grazing flow speed, 

the resistance curve is elevated across the frequency spectrum while the slope of the 

reactance curve decreases. One possible explanation for this grazing flow effects is that 

the viscous effect in the hole is enhanced and the acoustic mass in the hole is “blown 

away” due to the presence of the grazing flow[9].  

 

Figure 9b depicts the absorption coefficient of the MPP absorber for different flow 

speeds. It is observed that the increase of grazing flow speed shifts the absorption peak 

to a higher frequency, widens the absorption bandwidth and alters the maximum value 

of the absorption. The changes in the absorption coefficient curve are attributed to the 

change in both the resistance and the reactance of the MPP. On one hand, the reduction 

in the reactance shifts the peak absorption to a higher frequency. On the other hand, the 

increase in the resistance generally yields a broader absorption band[2] . Meanwhile, 

the value of the resistance approaches to one and then dowels away, leading to a bell-

curve variation. 
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The influence of the MPP hole diameter on the absorption coefficient with grazing 

flow is examined in Fig. 10a by keeping the perforated ratio and the panel thickness 

constant. It can be seen that the sound absorption bandwidth decreases with the increase 

of the hole diameter but the location of the peak frequency is nearly invariant with the 

hole diameter in the presence of grazing flow. This is different from the no-flow case 

where an increase in the hole diameter increases the air mass in the hole and 

consequently shifts the maximum absorption to low frequencies. As illustrated in 

Fig.10b, the acoustic reactance (mass) is insensitive to the variation of the hole diameter 

when a flow is present. As a result, absorption peaks occur around the same frequency.  

 

 

 

(a) 
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(b) 

Figure 9. (a) Normalized acoustic impedance, (b) Sound absorption coefficient under 

different flow velocities 

 

 

(a) 
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(b) 

 

Figure 10. (a) Absorption coefficients, (b) Normalized acoustic impedance with 

different hole diameters 

 

The effect of the panel thickness is shown in Fig. 11, where the hole diameter (0.5 

mm) and the perforated ratio of the MPPs (0.945%) are kept constant. Results indicate 

that in the presence of the grazing flow, an increase in the panel thickness shifts the 

absorption peak to a lower frequency and alters the maximum sound absorption value. 

However, the absorption bandwidth is nearly unchanged with respect to the panel 

thickness. These phenomena can be attributed to the fact that the increase in the panel 

thickness enhances the viscous dissipation and increases the acoustic mass in the hole 

and finally leads to the variations of the peak frequency and the maximum value. 
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Figure 11. Absorption coefficients with different thicknesses of the panel 

 

Fig. 12 shows a comparison of the sound absorption coefficient between different 

absorbers with different perforation ratios but the same hole diameter and panel 

thickness. It can be seen that, with the grazing flow, an increase in the perforation ratio 

shifts the peak absorption to a higher frequency while the absorption bandwidth is 

insensitive to the perforation ratio. 
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Figure 12. Absorption coefficients with different perforated ratios. 

 

From the above analyses, it can be seen that the in-situ acoustic performance of 

MPPs with flow depends on the full set of MPP and flow parameters in a less intuitive 

manner. The changes of these parameters can provide considerable rooms for the tuning 

of desired MPP absorbers based on need. As the grazing flow can broaden the 

bandwidth, generally, with appropriate panel thickness and perforated ratio, holes with 

a smaller diameter in the presence of grazing flow can help achieve sound absorption 

with a broader bandwidth. 

 

6. Conclusions 

The acoustic behavior of Micro-perforated panels exposed to a fully developed 
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grazing flow is investigated both experimentally and numerically. An inverse 

impedance eduction method is employed to experimentally obtain the acoustic 

impedance of a MPP under low-speed grazing flow within a linear acoustic excitation 

region. Using the measured data, the consistency and the accuracy of a complete set 

impedance prediction formulae established in our previous work are validated. 

Combing the validated impedance prediction formulae with a 3D FEM model, grazing 

flow effects on the sound absorption coefficient of honeycomb MPP absorbers inside a 

flow duct are investigated. Results show that increasing the grazing flow speed shifts 

the absorption peak to a higher frequency, widens the absorption bandwidth and alters 

the maximum absorption value. While the thickness and the perforation ratio effects 

remain the same, the maximum absorption frequency shows no obvious dependence on 

the hole diameter variation in the presence of grazing flow.  
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