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The sound absorbing performance of the sintered fibrous metallic materials is investigated by employing a dynamic flow resis-
tivity based model, in which the porous material is modeled as randomly distributed parallel fibers specified by two basic 
physical parameters: fiber diameter and porosity. A self-consistent Brinkman approach is applied to the calculation of the dynamic 
resistivity of flow perpendicular to the cylindrical fibers. Based on the solved flow resistivity, the sound absorption of single 
layer fibrous material can be obtained by adopting the available empirical equations. Moreover, the recursion formulas of sur-
face impedance are applied to the calculation of the sound absorption coefficient of multi-layer fibrous materials. Experimental 
measurements are conducted to validate the proposed model, with good agreement achieved between model predictions and 
tested data. Numerical calculations with the proposed model are subsequently performed to quantify the influences of fiber 
diameter, porosity and backed air gap on sound absorption of uniform (single-layer) fibrous materials. Results show that the 
sound absorption increases with porosity at higher frequencies but decreases with porosity at lower frequencies. The sound 
absorption also decreases with fiber diameter at higher frequencies but increases at lower frequencies. The sound absorption 
resonance is shifted to lower frequencies with air gap. For multi-layer fibrous materials, gradient distributions of both fiber 
diameter and porosity are introduced and their effects on sound absorption are assessed. It is found that increasing the porosity 
and fiber diameter variation improves sound absorption in the low frequency range. The model provides the possibility to tailor the 
sound absorption capability of the sintered fibrous materials by optimizing the gradient distributions of key physical parameters. 

sound absorption, sintered fibrous material, dynamic flow resistivity 

 

Citation:  Meng H, Ao Q B, Tang H P, et al. Dynamic flow resistivity based model for sound absorption of multi-layer sintered fibrous metals. Sci China Tech 
Sci, 2014, 57: 20962105, doi: 10.1007/s11431-014-5652-8  

 

 
 
1  Introduction 

Sintered fibrous materials are typically fabricated with mi-
cron-sized metallic fibers (e.g., stainless steel and FeCrAl) 
through the processes of non-woven lay, superposition, and 
sintering at high temperature. The as-fabricated material has 
high porosity (more than 90%) and complicated tortuosity 
amongst micron-sized fibers (see Figure 1), resulting in 
superior sound absorption performance due mainly to vis-

cous damping and thermal loss. Apart from the sound ab-
sorption ability, the sintered fibrous material also has attrac-
tive mechanical properties, and hence may be exploited for 
noise control applications under extreme circumstances, e.g., 
acoustical liner of turbofan engine inlet [1–3]. 

The sound absorption properties of uniform (homogene-
ous) porous materials have been extensively investigated by 
using phenomenological models that involve a number of 
parameters, whose values are sometimes difficult to deter-
mine. For instance, Zwikker and Kosten [4] proposed a 
model to calculate the complex density and bulk modulus of 
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rigid frame porous materials, in which the micro-pores were 
modeled as circular ones. Biot [5,6] developed a phenome-
nological theory for wave propagating in fluid saturated 
porous solid, in which the material was represented by four 
non-dimensional parameters and characteristic frequency. 
Attenborough [7] presented a theoretical model to estimate 
the acoustical properties of rigid fibrous absorbent soils and 
sands, which needs five parameters including porosity, flow 
resistivity, tortuosity, steady flow shape factor and dynamic 
shape factor. Attenborough’s model could only give good 
predictions for soils and sands with high flow resistivity 
especially at low frequencies. Johnson et al. [8] constructed 
an analytical model to evaluate the dynamic tortuosity of 
fluid-saturated porous media. Based upon Johnson et al.’s 
model, Champoux and Allard [9] proposed formulae to 
calculate the dynamic bulk modulus of air-saturated porous 
media by introducing the concept of characteristic length. 
By approximating the relaxation characteristic, Wilson [10] 
developed a model for the complex density and bulk modu-
lus of a porous medium without using any Bessel functions. 
Being built upon the dynamic density of Biot and the dy-
namic bulk modulus of Zwikker and Kosten, the so-called 
Biot-Allard model was formulated for porous materials [11]. 
Recently, Zhang and Chen [2] used the extended Biot-  
Allard model to calculate the sound absorption characteris-
tics of porous sintered fiber metals. A number of parameters 
including shape factor, sinuosity and flow resistivity were 
needed to complete the calculation. However, as the Biot- 
Allard model is more suitable for porous media having sin-
gle pore size scale [10], it is not capable of accounting for 
the fractal surface and complicated topologies of the sin-
tered fiber metals (Figure 1).  

Apart from phenomenological models, a number of em-
pirical models were also established. Narang [12] proposed 
an empirical model to predict the flow resistivity of polyes-
ter fibrous materials in terms of the number of fibers per 
volume. The characteristic impedances of several porous 
materials including elastic, rigid-frame and fibrous porous 
materials as well as loose granular media were empirically 
estimated by Voronina [13–17]. On the basis of a series of  

 

Figure 1  Typical topology of the sintered fibrous metal. 

experimental measurements, Garai and Pompoli [18] de-
veloped an empirical model to estimate the flow resistivity, 
acoustic impedance and sound absorption coefficient of 
polyester fibrous materials. Whilst the empirical models as 
mentioned above may give accurate predictions in specific 
cases, they do not possess generality of being suitable for 
every common porous material. The most popular and 
widely used empirical model was proposed by Delany and 
Bazley [19], in which simple power-law functions for char-
acteristic impedance and propagation constant were formu-
lated on the basis of experimental data. As a modification, 
Miki [20] gave new expressions for acoustic impedance and 
propagation constant based on Delany and Bazley’s exper-
imental data. Instead of the phenomenological equations of 
Delany and Bazley, Allard and Champoux [21] derived new 
expressions by using the general frequency dependence of 
viscous forces in porous materials [8]. Further, Komatsu [22] 
improved the two conventional models, i.e., the Deleny- 
Bazley model and the Miki model, to give more accurate 
predictions for high-density fibrous materials as well as 
low-density ones.  

Although the sintered fibrous metals have excellent 
sound absorption properties [1–3], there is still room for 
improvement especially in low frequency range where their 
sound absorption capability is relatively poor. The most 
obvious and effective way is to optimize the key topological 
parameters influencing sound propagating in the fibrous 
material. For instance, it has been suggested that introduc-
ing gradients of certain parameters can improve the sound 
absorption performance of porous materials [23–25]. How-
ever, a feasible theoretical model is needed to qualify the 
gradient optimization framework and predict optimal gra-
dient parameter distributions. This deficiency is addressed 
in the present study.  

A theoretical model based on dynamic flow resistivity is 
proposed to characterize the sound absorption properties of 
(both uniform and multi-layer) sintered fibrous materials, 
involving only two topological parameters (i.e., fiber diam-
eter and porosity). The porous material is modeled as ran-
domly distributed parallel fibers so that the dynamic flow 
resistivity can be favorably estimated by using Tarnow’s 
method [26]. The sound absorption coefficient of the fi-
brous material is then obtained on the basis of the propaga-
tion constant and characteristic impedance (expressed in 
terms of dynamic flow resistivity). Applying the recursion 
formulae for surface impedance enables calculating the 
sound absorption coefficient of multi-layer fibrous material. 
The model is validated against experimental measurements 
for both uniform fibrous materials and multi-layer ones. 

2  Theory 

As shown in Figure 1, the sintered fibrous material is com-
posed of twisted metal fibers connected by the sintered 
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points between the fibers. Since the fibers generally lie in 
planes parallel to the surface of fibrous metal sheet, the fi-
brous materials may be regarded as transverse isotropic. 
When sound is normally incident on the fibrous metal sheet, 
the resisting force for sound propagation is mainly caused 
by the fibers. For simplicity, contribution of the sintered 
points to the resistance is ignored as they occupy much less 
surface area in comparison with the fibers. Further, the 
length of the fiber between two connecting sintered points is 
taken to be sufficiently large relative to its diameter. Alt-
hough the factual fibers are distributed randomly with the 
sintered points, their fluid resistivity may be evaluated ap-
proximately from a stack of randomly distributed parallel 
circular fibers having the same porosity as that of the ran-
domly distributed fibers, as shown in Figure 2. Note that for 
the sintered fibrous metal, the density and stiffness of the 
fibers are much larger than those of the air in the fibrous 
material, the fibers can be treated as motionless fibers when 
the sound is propagated through the fibrous material. 

A self-consistent Brinkman approach is employed to 
calculate the dynamic resistivity of flow perpendicular to 
the cylindrical fibers. Only one fiber placed at the center of 
the coordinate system is considered as shown in Figure 3. 
The influence of all the other cylinders on this one is ac-
counted for by introducing a body force R u  into the 

Navier-Stokes equation, as [26] 

 2
0j ,p R       u u u  (1) 

where  is angular frequency, 0 is the density of air, u is 
the velocity vector, p is the pressure around the fiber and  
is the viscosity of air. The symbol R  is the factor propor-

tionality to the velocity of the body force.  
To solve the equation, two boundary conditions are ap-

plied: 

   0,a u  (2) 

 

Figure 2  Parallel cylindrical fibers with surrounding Voronoi polygons, 
the latter constructed by perpendicular bisectors of connecting line between 
every two cylinder circle centers. 

 

Figure 3  Schematic of one fiber for the theoretical formulation. 

    ,0,0 ,U u  (3) 

where a is the radius of the fibers and U is the mean velocity 
of the flow (Figure 2).  

A solution to eq. (1) subjected to the boundary conditions 
of eqs. (2) and (3) may be expressed in terms of Hankel 
function as:  
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where 1
1 ( )H   represents the first order Hankel function of 
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Therefore, the viscous drag force per length on the cyl-
inder may be calculated in terms of pressure and the stress 
tensor, as [26]  
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Besides, the introduced body force per volume should 
equal the viscous drag force on the cylinder per volume: 

 2 ,R U F b    (10) 

where b2 is the mean area of the Voronoi cells surrounding 
the fibers, which is related to the porosity of the fibrous 
material as: 
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Thus, the factor proportionality to the velocity of the in-
troduced body force is 
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A simple self-iterative calculation of Brinkman [27] is 
applied to solve eqs. (6) and (12). The resistivity R  is 

firstly calculated from eq. (12) by postulating k  having a 

certain value, for example jk b  . A new k  is then 

computed from eq. (6) afterwards, the new k  is substitut-

ed into eq. (12) again. The preceding processes are repeated 
until stable values of k  and R  are obtained.  

Finally, with the inertia of air between the cylinders con-
sidered, the dynamic resistivity for flow perpendicular to 
the random cylinders (i.e., the fibrous material) is obtained 
as 

 j 0 .R R     (13) 

The dynamic resistivity is then applied to predict the 
propagation constant and characteristic impedance of the 
fibrous material using the empirical formulas proposed by 
Komatsu [22]. Even though the static resistivity is used in 
Komatsu’s model, the application of the dynamic resistivity 
changing with frequency is expected to present more accu-
rate predictions. The propagation constant   is  

 i ,     (14) 
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where c0 is sound speed in air and f is the frequency.  
The characteristic impedance Z is given by 

 i ,Z     (17) 
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For fibrous material backed by an impervious rigid wall, 
the surface impedance may be calculated from its charac-
teristic impedance, as  

      coth ,sZ Z h        (20) 

where h is the thickness of the fibrous material sample.  

Eventually, the sound absorption coefficient  of the fi-
brous material sample is obtained as 
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Consider next a multi-layer fibrous material sample that 
is composed of several layers of different fibrous materials 
as shown schematically in Figure 4. The calculation of its 
surface impedance is similar to but more complex than that 
of a single-layer one. Assuming a plane sound wave passing 
through the (n1)th layer of the multi-layer sample as 
shown in Figure 4, one may express the sound pressure in 
the nth layer as 

    j je e1 1 ,n nt k x t k x
i rp P P      (22) 

where Pi, Pr are the amplitudes of the incident and reflected 
waves, respectively, 1 1n nk j   is the wavenumber in 

the (n1)th layer (between xn and xn1), which also has the 
relationship with sound speed cn1 in the (n1)th layer as 

 1 1 .n nk c   (23) 

The sound velocity of the fibrous material is then calcu-
lated by the sound pressure, as 
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where n1 is the density of the fibrous material in the  
(n1)th layer. 

The surface impedance Zs(xn1) may be calculated as 
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Similarly, the surface impedance Zs(xn) is given by 
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Figure 4  Schematic of sound incident on a multi-layer fibrous material 
backed by an impervious rigid wall. 
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It follows from eq. (25) that 
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Substitution of eq. (27) into eq. (25) leads to 
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where for the (n1)th layer, 1 1 1n n nZ c    is the charac-

teristic impedance, 1 1n n nd x x    is the thickness, and 

1 1jn nk    is the propagation constant. 

It should be mentioned that the recursion formula for 
surface impedance is suitable for all kinds of multi-layer 
samples, even for one or more layers being air gap. 

3  Comparison between theory and experiment 

In this section, the proposed theoretical model for multi- 
layer fibrous materials is validated against experimental 
results. The mechanism of sound absorption of randomly 
distributed parallel fibers is the same as the real fibrous ma-
terials, although its pore structure and channel are indeed 
different from the real material. Both the theoretical and 
experimental results prove that the randomly distributed 
parallel fibers can well approximately mimic the real fi-
brous materials when they have the same geometrical pa-
rameters. The tested samples are made of FeCrAl fibers 
with the same diameter and the length of 10–80 mm, which 
are randomly distributed and then sintered in a vacuum sin-
tering furnace as a whole. The multi-layer fibrous metals are 
sintered by several fiber metal felts, which consist of vari-
ous FeCrAl fibers with different geometrical parameters. 
Four fibrous metal samples are manufactured with the 
physical parameters listed in Table 1 for single-layer mate-
rial and Table 2 for multi-layer material. The fiber diame-
ters of the samples are selected before the preparation, and 
the porosity can be obtained since the density of the samples 
and the fibers can be easily tested. The sound absorption 
coefficient is measured in the B&K 4206 impedance tube in 
the frequency of 50–6400 Hz with the transfer function 
method. 

The model predictions and experimental measurements 
are compared in Figures 5 and 6 for single- and multi-layer  

fibrous materials, respectively. It can be seen that the theo-
retical model provides reasonable predictions for sound 
absorption coefficient of fibrous materials as the predictions 
match well with the measurements even for the complicated 
multi-layer cases (Figure 6). The small deviations between 
the predictions and measurements may be attributed to the 
simplified handling of the connections between layers in the 
theory and the inevitable micro-defects of the test samples. 

4  Influence of physical parameters: Sin-
gle-layer fibrous metal 

Relevant physical parameters that may affect the sound ab-
sorption performance of single-layer fibrous metal samples 
are listed in Table 3. The theoretical model established in 
the previous sections is employed to quantify the effects of 
these parameters upon the sound absorption coefficient of 
the fibrous materials and explore the mechanisms underly-
ing the associated phenomena. 

4.1  Influence of porosity 

The predicted influence of porosity on flow resistivity and 
sound absorption of single-layer fibrous metal sheets having 
different thicknesses (Table 3) are presented in Figures 7 
and 8 respectively. The metal sheets are considered to be in 
contact with the backing rigid wall with the fixed fiber di-
ameter of 100 m. It can be seen from Figure 7 that the ab-
solute values of the real and imaginary parts of the flow 
resistivity both decrease with the increase of the porosity. It 
can be seen from Figure 8 that the porosity has a significant 
influence on sound absorption of the fibrous material. As 
the porosity is increased, the sound absorption coefficient 
decreases at relatively low frequencies but increases at 
higher frequencies. Further, irrespective of porosity level, 
the sound absorption coefficient increases monotonically 
with increasing frequency until reaching a stable value in 
the high frequency range. This is mainly because the fibrous  

Table 1  Single-layer fibrous material samples 

Sample number Fiber diameter (m) Porosity (%) Thickness (mm) 

1 50 91 25 

2 50 73 10 
 

Table 2  Multi-layer fibrous material samples 

Sample number 
Fiber diameter (m)  Porosity (%)  Thickness (mm) 

First layer Second layer Third layer  First layer Second layer Third layer  First layer Second layer Third layer 

3 100 50 -  77 73 -  10 10 - 

4 100 50 25  77 73 73  10 10 10 

The first layer is the layer close to sound resource.  
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Figure 5  Sound absorption coefficient of uniform fibrous material plot-
ted as a function of frequency: Comparison between model predictions and 
experimental measurements for samples 1# and 2#. 

 

Figure 6  Sound absorption coefficient of multi-layer fibrous material 
plotted as a function of frequency: Comparison between model predictions 
and experimental measurements for samples 3# and 4#. 

material has superior energy dissipation ability for high 
frequency sound waves, which reaches a stable state when 
this ability approaches its extreme value. Note that the  

Table 3  Single-layer fibrous metal samples used for physical parameter 
study 

Sample number Fiber diameter (m) Porosity (%) Thickness (mm) 

5 100 90 10 

6 100 80 10 

7 100 70 10 

8 100 90 50 

9 100 80 50 

10 100 70 50 

11 100 95 10 

12 50 95 10 

13 25 95 10 

14 100 95 50 

15 50 95 50 

16 25 95 50 

17 20 95 20 

18 50 90 20 

19 40 90 20 

 
porosity of the fibrous material dictates how close its char-
acteristic impedance is to that of air. Consequently, it de-
termines the amount of sound entering the porous material 
and hence affects strongly the maximum stable value of the 
sound absorption coefficient. In general, the maximum sta-
ble value is not equal to unity, because part of the sound 
energy is reflected at the interface when the characteristic 
impedance of the fibrous material is not equal to that of air. 
Note also that the maximum stable value is shifted to lower 
frequency as the sample thickness is increased, as the in-
crease of sample thickness enhances the sound absorption 
ability of the fibrous material in the low frequency range.  

4.2  Influence of fiber diameter 

For single-layer fibrous metal sheets having different thick-
nesses (Table 3), Figures 9 and 10 present the influence of 
fiber diameter on the flow resistivity and sound absorption 
of the material. The metal sheets are considered to be in  

 
Figure 7  Influence of porosity on flow resistivity of single-layer fibrous metal (samples 5#, 6# and 7#). (a) The real part of flow resistivity; (b) the imagi-
nary part of flow resistivity.  
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Figure 8  Influence of porosity on sound absorption coefficient of single layer fibrous metal with thickness: (a) 10 mm (samples 5#, 6# and 7#); (b) 50 mm 
(samples 8#, 9# and 10#). Fiber diameter fixed at 100 m; no air cavity between sample and rigid wall. 

contact with the backing rigid wall with fixed porosity of 
0.95. Figure 9 shows that the absolute values of real and 
imaginary parts of the flow resistivity increase with de-
creasing fiber diameter. Figure 10 shows that the sound ab-
sorption coefficient is affected by fiber diameter to some 
extent. In the high frequency range, the sound absorption 
coefficient increases as the fiber diameter is decreased. This 

is because the contact area between the fiber and surround-
ing air increases with decreasing fiber diameter, increasing 
the flow resistivity and hence the sound absorption capabil-
ity of the fibrous material. In contrast, decreasing fiber di-
ameter results in inferior sound absorption in the low fre-
quency range, because the loss of sound energy due to 
thermal effects may be reduced in this frequency range. As  

 
Figure 9  Influence of fiber diameter on flow resistivity of single-layer fibrous metal (samples 11#, 12# and 13#). (a) The real part of flow resistivity; (b) 
the imaginary part of flow resistivity. 

 

Figure 10  Influence of fiber diameter on sound absorption coefficient of single-layer fibrous metal with thickness: (a) 10 mm (samples 11#, 12# and 13#); 
(b) 50 mm (samples 14#, 15# and 16#). Porosity fixed at 0.95; no air cavity between sample and rigid wall. 
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the sample thickness is increased, comparison between Fig-
ures 10(a) and (b) reveals that sound absorption resonance 
is shifted to lower frequency. Consequently, the sound ab-
sorption coefficient reaches its maximum stable value earli-
er. Nonetheless, the maximum stable value is almost inde-
pendent of fiber diameter, indicating that the amount of 
sound entering the fibrous material is dictated by porosity as 
shown in the previous section.  

4.3  Influence of air gap 

Figure 11 plots the sound absorption coefficient of single 
layer sample 17 (Table 3) as a function of frequency for air 
gap thicknesses. As can be seen from Figure 11, the air gap 
has a great influence on the sound absorption of the fibrous 
material. As the thickness of the air gap is increased, the 
peaks and valleys of the curve is increasingly shifted to the 
left (Figure 11) and hence the sound absorption coefficient 
increases significantly in the low frequency range. As is 
known, if the distance between the incident and reflected 
sound is the odd number times of 1/4 wavelength, a peak 
appears in the sound absorption coefficient curve. In con-
trast, if the distance is multiples of the 1/2 wavelength, a dip 
shows up in the curve. The presence of the air gap enlarges 
the distance between the incident and reflected waves, so 
the peaks and valleys all move to lower frequencies accord-
ingly. In the high frequency range (>4000 Hz for the case 
considered in Figure 11), the sound absorption does not 
change with varying thickness of the air gap since the sound 
energy dissipated by the air can be ignored here. 

5  Influence of physical parameters: Multi-layer 
fibrous metal 

In this section, we aim to investigate how sound absorption 
changes with the variation of physical parameters and obtain 
basic principles for the design of multi-layer fibrous sam-       

 
Figure 11  Influence of air gap thickness on sound absorption coefficient 
of single-layer fibrous metal with thickness 20 mm, porosity 0.95 and fiber 
diameter 20 μm (sample 17#). 

ples. We use multi-layer samples with 2 different fibrous 
layers of 10 mm thickness each as examples for simplicity. 
In Figure 12, the predicted sound absorption coefficient of 
multi-layer samples with either decreasing or increasing 
physical parameters (porosity and fiber diameter) as listed 
in Table 4 is compared with uniform (single-layer) samples 
having the same averaged physical parameters. 

It can be seen from Figure 12(a) that the porosity varia-
tion has a significant effect on the sound absorption coeffi-
cient of the sintered fibrous materials. In comparison to the 
uniform sample, the sound absorption coefficient of a mul-
ti-layer sample with increasing porosity is larger in the low 
frequency range while smaller in the high frequency range. 
Conversely, the sound absorption of a sample with decreas-
ing porosity is smaller at low frequencies while larger at 
high frequencies than its uniform counterpart. This phe-
nomenon may be attributed to the change of the characteristic 
impedance ratio (=c/0c0) between the fibrous material and 
air, which is induced by the porosity variation distribution 
in the fibrous material. The sample with increasing porosity  

 

Figure 12  Sound absorption coefficient of multi-layer fibrous metal composed of 2 uniform layers. (a) Influence of porosity gradient (samples 20# and 21#); 
(b) influence of fiber diameter gradient (samples 22# and 23#).  
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Table 4  Multi-layer fibrous metal samples used for parameter study 

Sample number 
Fiber diameter (m)  Porosity (%)  Thickness (mm) 

First layer Second layer  First layer Second layer  First layer Second layer 

20 50 50  82 98  10 10 

21 50 50  98 82  10 10 

22 20 60  90 90  10 10 

23 60 20  90 90  10 10 

 

has a higher  value while the one with decreasing porosity 
has a lower value than that of the uniform sample. It is 
worth mentioning that, as the characteristic impedance ratio 
is increased, the sound absorption resonance shifts to lower 
frequency, causing the trends of the sound absorption 
curves shown in Figure 12(a).   

From Figure 12(b) it can be seen that the variation of fi-
ber diameter also has significant effect on the sound absorp-
tion of multi-layer fibrous metal, especially in the low fre-
quency range. Relative to a uniform sample, sample 22 with 
increasing fiber diameter absorbs considerably more sound 
in the low frequency range and little less sound in the high 
frequency range. In contrast, the sound absorption ability of 
sample 23 with decreasing fiber diameter drops slightly 
over the whole frequency range compared with the uniform 
sample. Again, the variation trends of the sound absorption 
curves shown in Figure 12(b) are closely related to the al-
teration of the characteristic impedance ratio between fi-
brous material and air, which changes as the fiber diameter 
variation is varied. 

6  Conclusions 

A theoretical model is developed on the basis of dynamic 
flow resistivity to investigate the sound absorption perfor-
mance of single- and multi-layer sintered fibrous metal, 
which is only dependent on two basic parameters, namely, 
fiber diameter and porosity. The fibrous metal is modeled as 
randomly distributed parallel fibers so that the dynamic 
flow resistivity can be favorably estimated using the exist-
ing results for simplified stack of fibers. Upon calculating 
the sound propagation constant and characteristic imped-
ance by using the estimated flow resistivity, the sound ab-
sorption coefficient of the fibrous material is determined by 
employing an empirical model. Subsequently, the sound 
absorption coefficient of multi-layer fibrous metal is calcu-
lated via recursion formulas for surface impedance. The 
validity of the model predictions is checked against experi-
mental measurements for both single- and multi-layer sin-
tered fibrous metal samples, with good agreement achieved. 
Finally, the model is employed to quantify the effects of key 
physical parameters on sound absorption of the sintered 
fibrous materials. The following conclusions are drawn. 

For uniform (single-layer) samples, as the porosity af-
fecting the amount of sound entering the fibrous material is 
reduced, the sound absorption coefficient increases in the 
low frequency range while decreases in the high frequency 
range.  

For uniform (single-layer) samples, the sound absorption 
coefficient increases with decreasing fiber diameter in the 
high frequency range, due mainly to the increase of flow 
resistivity. In contrast, in the low frequency range, the 
sound absorption ability of the fibrous material decreases 
with decreasing fiber diameter, as the sound energy is 
mainly dissipated by the damping effect of fiber vibration 
itself rather than the viscous effect between the air and fiber.  

Since the backed air gap acts to enlarge the thickness of 
the fibrous material, the sound absorption resonance and 
anti-resonance are shifted to lower frequencies. Accordingly, 
in the low frequency range, the sound absorption coefficient 
increases as the air gap thickness is increased. 

For multi-layer samples, increasing the porosity variation 
helps to improve sound absorption in the low frequency 
range but leads to inferior sound absorption in the high fre-
quency range. Decreasing the porosity variation has an op-
posite effect.  

Increasing the variation of fiber diameter enhances sound 
absorption only at the low frequency. In contrast, reducing 
the variation of fiber diameter causes inferior sound absorp-
tion over the whole frequency range. 
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