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Abstract 
The present paper focuses on the effect of air jets through a perforated thin plate on the characte-
ristics of an acoustic absorption coefficient. We measured the flow rate, internal pressure, acoustic 
pressure, and transfer function by using an improved acoustic impedance tube. The normal inci-
dence absorption coefficient was calculated from the measured transfer function using transfer 
function methods. As a result, the frequency characteristics of the acoustic absorption coefficient 
against the frequency showed a maximum value at the local frequency. The peak frequency of the 
acoustic absorption coefficient depended on the thickness of the background air space and the 
thickness of the perforated plate. As the flow rate increased through the micropores, the peak lev-
el of the acoustic absorption coefficient also increased until a flow rate of 80 ℓ/min. As the flow 
rate further increased, the peak level of the acoustic absorption coefficient decreased and that of 
the high frequency band increased. 
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1. Introduction 
A low noise level and high performance are important features of various kinds of machines. This situation also 
applies to vehicles, fluid machinery, and fluidic devices. In general, the intensity and frequency of the noise gen- 
erated from various machines may change because of the operating conditions. 

Sound-absorbing material is effective at reducing the reflected and propagation sounds generated from vari-
ous kinds of machines. However, acoustic absorption effect cannot change regardless of the operating conditions. 
In addition, sound-absorbing material also has an adiabatic effect. If a machine is covered with a sound-absorb- 
ing material, the cooling system must be reset. Therefore, an acoustic device that has both acoustic absorption 
and cooling effects is needed. 

It is believed that acoustic absorption occurs on the surface of micropores from the interaction between the 
sound waves and the flow. Many studies have been published on the acoustic characteristics of a perforated plate 
with the flow [1]-[11]. However, it is not clear exactly how the flow through a perforated thin plate affects the 
characteristics of the acoustic absorption coefficient. 

The present paper focuses on the effect of air jets through a perforated thin plate on the thickness of the back-
ground air space, the internal pressure, and the plate thickness on the characteristics of the acoustic absorption 
coefficient. The acoustic characteristics of a measuring system with no air jets are also discussed. 

2. Experimental Apparatus and Procedure 
2.1. Verification of Measuring System 
Figure 1 shows the basic configuration of an acoustic impedance tube. A loudspeaker is placed at the right side 
of the tube, and a sample of the test porous material is placed at the opposite side of the tube. The tube length, L1, 
is 710 mm, and its end is terminated by a hard wall. The thickness of the test porous material can be changed to 
move the hard wall behind the material. A test porous material is enclosed within the test apparatus into which 
an acoustic wave is emitted from the loudspeaker. The incident sound is white noise of 94 dB radiated from the 
loudspeaker connected to the amplifier and function generator. The microphone (B & K 4187) and measuring 
amplifier (B & K 2690-A-OS2) outputs are sampled by a two-channel fast Fourier transform (FFT) analyzer 
(RION SA-78). The resolution of the two-channel FFT analyzer is set at 1.25 Hz to measure the transfer func-
tion. Linear averaging in the frequency domain is performed 150 times. The normal incidence absorption coeffi-
cient is calculated from the measured transfer function by using transfer function methods according to ISO 
10534-2. 

When the wavelength of the sound source is large enough compared with the width of the cross section of the 
acoustic impedance tube, the sound field can be modeled in the one-dimensional sound field of the longitudinal 
direction. In this experiment, the width of the cross section of acoustic impedance tube is 94 mm. At a frequency 
below approximately 1500 Hz, the wavelength is larger than approximately 2.4 times the width of the cross sec-
tion. The normal incidence sound absorption coefficient is computed from the measured transfer function using 
a personal computer. Its measuring range is approximately 100 - 1500 Hz for an acoustic impedance tube with 
an internal cross section of 94 × 94 mm2.  

The experimental apparatus and procedure are verified by measuring the acoustic absorption coefficient of 
glass wool. Figure 2 shows the typical result of a normal incidence absorption coefficient, α, of test glass wool. 
As the frequency increased, α increased and neared 1.0. The measured absorption coefficient agreed well with 
the values of open circles measured by using a commercial product impedance tube in Figure 2. 

2.2. Acoustic Absorption Measurement of Perforated Plate with Air Jets 
The acoustic absorption coefficient of a perforated plate with air jets is measured by using an improved acoustic 
impedance tube, as shown in Figure 3. Two air supply holes were newly installed in acoustic impedance tube. 
The measurement of the transfer function and the calculation of the acoustic absorption coefficient is the same 
as the aforementioned case. The air is supplied into the cavity from the two holes connected to the regulator of 
the compressor. The diameters of the two holes of the air supply port are both 6 mm. When the air supply holes 
are installed at the upper and lower duct walls, each cross-sectional area of the hole is only approximately 0.3% 
of the internal cross-sectional area of 94 × 94 mm2 in the impedance tube. Thus, the influence of these holes on 
the acoustic system can be safely ignored. These holes are alternately arranged on the upper and lower sides to  
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Figure 1. Acoustic impedance tube.                               

 

 
Figure 2. Normal incident absorption coefficient.                    

 

 
Figure 3. Experimental apparatus.                                 

 
reduce the interaction noise of the two supply air flows. The incident sound radiated from the loudspeaker is 
white noise of 94 dB which is about 20 dB larger than these supply air flow sound. The air jets are generated by 
using the perforated thin plate. In the previous experiment, the characteristics of the normal incidence sound ab-
sorption coefficient depended on the method of fixing the perforated thin plate in the impedance tube. Here, this 
perforated thin plate is fixed by being nipped with two soft gaskets in the acoustic impedance tube. The air flow 
rate is controlled from 0 to 100 ℓ/min by a needle valve. The flow-rectifying device, which is a rough porous 
material with a thickness of 3 mm, is installed at the position where the thickness of the background air space in 
the perforated plate is 17 mm. This flow-rectifying device does not influence the acoustic absorption coefficient. 
The thickness of the background air space of the perforated plate is 35, 50, 62, and 73 mm. The regulator pres-
sures of the compressor are controlled at 0.15, 0.20, and 0.25 MPa. The internal gauge pressure ip  in the 
background air space of the perforated plate is measured with a differential manometer. The Mach number M  
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is calculated from the internal pressure ip  using the following equation [12]: 
( )1

211
2

i

a

p
M

p

κ κκ −− = + 
 

                                (1) 

where κ  is the heat capacity ratio, M  is the Mach number, and ap  is atmospheric pressure. The measure-
ment is conducted for periods of 60 s during the interval of 110 s in which the flow rate is stable. The uncertain-
ties in α  and ip  were estimated to be ±3 and ±3%, respectively. 

Figure 4 shows the geometry of the perforated plate. The diameter of the micropore is 2 mm and is set up in 
64 pieces in the aluminum plate at equal intervals. The thickness of the perforated plates is 1 and 3 mm. The 
perforated plate is fixed at both sides with packing in the duct. Table 1 shows the experimental conditions in 
detail. 

3. Results and Discussion 
3.1. Acoustic Absorption Coefficient of Perforated Thin Plate without Air Jets 
Figure 5 shows the frequency characteristics of the acoustic absorption coefficient of the perforated thin plate 
without air jets. The perforated thin plate with background air space effectively absorbs sound even though it 
does not have air jets. As the thickness of the background air space increases, the center frequency of the heap 
portion of the frequency characteristics decreases. The center frequencies of the heap portion of the frequency 
characteristics agree well with the frequencies of perforated panel resonator based on the Helmholtz resonator 
[13]. As shown in the figure, multiple peaks are formed at 138.75, 237.5, 332.5, 418.75, 502.5, and 588.75 Hz in 
the frequency characteristics of the acoustic absorption coefficient. These frequencies do not depend on the 
thickness of the background air space. 
 

               
(a)                                     (b) 

Figure 4. Geometry of perforated plate. (a) Shape of perforated plate; 
(b) Shape of micropore.                                          

 
Table 1. Experimental conditions                                 

Improved acoustic impedance tube 

Cross-sectional area A 94 × 94 mm2 

Volume flow rate Q 0 - 100 ℓ/min 

Thickness of background air space L 35, 50, 62, and 73 mm 

Tube length without perforated plate L1 710 mm 

Regulator pressure p 0.15, 0.20, and 0.25 MPa 

Perforated plate 

Plate thickness t 1, and 3 mm 

Number of micropores N 64 

Diameter of micropores d 2 mm 

Opening ratio of micropores σ 2.28% 
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Figure 6 shows the results of the thin plate with a thickness of 1 mm without micropores. A single high peak 
is formed at 506.25 Hz in the frequency characteristics of the acoustic absorption coefficient. It is believed that 
this is caused by panel vibration, such as the panel sound absorber. However, no peak is observed in the case of 
the thin plate with a thickness of 3 mm without micropores. 

Next, the micropores of the perforated thin plate are closed with polyvinylidene chloride (PVDC) film. Fig- 
ure 7 shows the result of the perforated thin plate with PVDC film with no air jets. No peak is observed in the 
case of the perforated thin plate with a thickness of 3 mm. The perforated thin plate covered with PVDC film 
does not effectively absorb sound. The acoustic absorption coefficient does not increase due to panel vibration. 
 

 
Figure 5. Acoustic absorption coefficient without air jets.              

 

 
Figure 6. Acoustic absorption coefficient with no micropores.    

 

 
Figure 7. Acoustic absorption coefficient of perforated thin 
plate with PVDC film.                                    
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The natural frequency of the perforated plate fixed inside the acoustic tube, which is measured by a hammering 
test, is approximately 100 Hz. It is believed that the multiple peaks of the frequency characteristics in Figure 5 
is not caused by panel vibration. 

The resonance curve is measured by supplying a pure tone from the loudspeaker. The measured resonant fre-
quencies reach approximately 110 Hz, 330 Hz, 550 Hz, and 770 Hz. The acoustic resonant frequency in the 
streamwise direction of the acoustic impedance tube is given by  

( )
1

2 1
4
n c

f
L
−

=                                       (2) 

where c  is the sound velocity, 1L  is the length of the acoustic tube, and n  is the number of longitudinal 
standing waves in the acoustic tube. The acoustic natural resonant frequencies in the stream wise direction of the 
acoustic impedance tube are 110 Hz ( )1n = , 329 Hz ( )2n = , 549 Hz ( )3n = , and 768 Hz ( )4n =  when the 
duct length is 710 mm and the temperature of the flow is 22˚C. These values, which agreed well with the meas-
ured results, are not in agreement with the multiple peaks in Figure 5. The reason for the multiple peaks of the 
frequency characteristics of the acoustic absorption coefficient is not clear. Further investigation is needed to 
clarify the exact reason for these multiple peaks. 

3.2. Acoustic Absorption Coefficient of Perforated Plate with Air Jets 
Figure 8 shows the frequency characteristics of the acoustic absorption coefficient. In Figure 8(a), the six rela-
tive volume flow rates, Q , are shown as parameters from 0 to 100 ℓ/min. As the flow rate increases, the acous-
tic absorption coefficient also increases at a wide frequency range until Q = 80 ℓ/min. The acoustic absorption 
coefficient nears 1.0 at Q = 80 ℓ/min and 480 Hzf = . The six relative volume flow rates are shown as para-
meters from 50 to 100 ℓ/min in detail in Figure 8(b). As the flow rate further increases, the peak level of the 
acoustic absorption coefficient decreases, although the acoustic absorption coefficient over 570 Hz also increas-
es. 

Figure 9 shows the frequency characteristics of the acoustic absorption coefficient, α , at four relative 
thicknesses, L, of the background air space of the perforated plate. As the thickness of the background air space 
increases, the peak frequency decreases. The distribution profile of the frequency characteristics of acoustic ab-
sorption coefficient does not change even if the flow rate increases. The frequency of the acoustic absorption 
coefficient depends on the thickness of the background air space. 

Figure 10 compares the frequency characteristics of the plate thickness, t , of 3 mm and 1 mm. The acoustic 
absorption coefficient of t = 1 mm is increased rather than that of t = 3 mm at the wider frequency range, al-
though the thicknesses of the background air space L is constant at 73 mm and the frequency of the panel vibra-
tion is constant at approximately 506.25 Hz. Furthermore, the frequency at the maximum acoustic absorption 
coefficient of t = 1 mm is larger than that of t = 3 mm. The frequency of the acoustic absorption coefficient de-
pends on not only the thickness of the background air space but also the plate thickness of the perforated plate. 
 

   
(a)                                                   (b) 

Figure 8. Effect of volume flow rate on acoustic absorption coefficient. (a) Q = 0 - 100 ℓ/min; (b) Q = 50 - 100 
ℓ/min.                                                                                          
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Figure 9. Effect of background space on acoustic absorption 
coefficient.                                               

 

 
Figure 10. Effect of plate thickness on acoustic absorption 
coefficient.                                               

 
Next, we measure the frequency characteristics of the acoustic absorption coefficient at three relative regula-

tor pressures p of 0.15, 0.20, and 0.25 MPa. Figure 11 shows the frequency characteristics of the acoustic ab-
sorption coefficient. The frequency characteristics of the acoustic absorption coefficient do not change, although 
the regulator pressures change. Figure 12 shows the internal pressure ip  inside the cavity against the regulator 
pressure p. The internal pressures of the cavity for different regulator pressures reach almost the same values. 
The Mach number M  is calculated from the internal pressure ip  using Equation (1). Table 2 shows the 
Mach number and the mean velocity of the micropore. The Mach numbers are small, and the mean velocity of 
the micropore does not exceed the speed of sound. The relation between the increase of the acoustic absorption 
coefficient and the jets flow through the micropores is not clear. Further investigation is needed to clarify the 
reasons for the increase of the acoustic absorption coefficient in the case with air jets. 

4. Conclusions 
The effects of air jets through a perforated thin plate on the frequency characteristics of an acoustic absorption 
coefficient were experimentally investigated. As a result, the following conclusions were obtained: 

1) As the flow rate increased through the micropores, the peak level of the acoustic absorption coefficient in-
creased until a flow rate of 80 ℓ/min. As the flow rate further increased, the peak level of the acoustic absorption 
coefficient decreased and that of the high frequency band increased. 

2) The frequency characteristics of the acoustic absorption coefficient showed a maximum value at the local 
frequency. As the thickness of the background air space increased, the peak frequency decreased. The peak fre-
quency of the acoustic absorption coefficient depended on the thickness of the background air space and the 
thickness of the perforated plate. 

3) The acoustic absorption coefficient with a plate thickness of 1 mm increased at a wider frequency range  
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Figure 11. Effect of regulator pressure on acoustic absorption 
coefficient.                                               

 

 
Figure 12. Internal pressure in the cavity against volume flow 
rate.                                                   

 
Table 2. Mean flow velocity in the micropore.                            

Volume flow rate Internal pressure Mach number Mean velocity of micropore 

Q (ℓ/min) pi (kPa) M v (m/s) 

50 0.019 0.016 5.6 

60 0.027 0.020 6.7 

70 0.035 0.022 7.6 

80 0.045 0.025 8.6 

90 0.060 0.029 10.0 

100 0.075 0.033 11.2 

 
than that of the thickness of 3 mm, although the thicknesses of the background air space of the perforated plate 
were constant. The frequency of the acoustic absorption coefficient depended on the plate thickness. 

4) The internal pressures of the cavity for different regulator pressures reached almost the same values. The 
frequency characteristics of the acoustic absorption coefficient did not depend on these pressures. 
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Nomenclature 
c: Sound velocity (m/s); 
f: Frequency (Hz); 
L: Thicknesses of the background air space (mm); 
M: Mach number; 
p: Regulator pressure (Pa); 
pa: Atmospheric pressure (Pa); 
pi: Internal pressure (Pa); 
Q: Volume flow rate (ℓ/min); 
t: Plate thickness (mm); 
α: Normal incidence absorption coefficient; 
κ : Heat capacity ratio. 
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