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In order to test the acoustic properties of porous metal materials under high temperature and 
high sound intensity coupling conditions to expand its applications in aero-engine acoustic liner, 
we will conduct the following researches on the impedance tube testing equipment under high 
temperature and high sound intensity coupling environments: Choose a reasonable heating 
method and heating power according to the working conditions inside the impedance tube; Sim-
ulation on the temperature  field inside the impedance tube and get the sound pressure distribu-
tion; Select a right impedance tube length to ensure that the temperature inside the impedance 
tube is a constant in order to achieve the plane-wave propagation; Choose a right speaker and 
select the geometric parameters of the tapered tube reasonably according to the simulation re-
sults in order to improve the sound pressure level to the range which we need in the experi-
mental test with the sound-collection effect of the tapered tube; Carry out the sound absorption 
performance tests of porous metal fibrous materials under high temperature and high sound in-
tensity coupling conditions based on the experimental test equipment designed above, which is 
of great practical significance.  
Keywords: porous metal materials, sound absorption performance, high temperature, high sound 
intensity 

 

1. Introduction 
Porous metal fibrous material is a new multi-functional material which appears in recent years 

with fast development in materials technology. It is widely used in aviation, aerospace, defense and 
other fields as a result of its excellent acoustic properties---high specific strength, high specific 
stiffness, good acoustic energy dissipations and applications in complex environments [1]. In recent 
years a lot of studies have been conducted on porous metal materials, which focus on the establish-
ment of theoretical models of sound absorption performances. Biot [2, 3] gave constitutive equa-
tions for sound waves propagating in fluid saturated porous mediums, which provided an important 
theoretical basis for studying sound absorption performances of porous metal materials. Johnson [4] 
proposed the concept of viscous characteristic dimension and gave formulas to calculate the effec-
tive density and dynamic tortuosity of porous metal materials. The calculation formula of dynamic 
bulk modulus was given by Champoux [5] by introducing thermal characteristic dimension. Allard 
[5] introduced two new parameters when studying high porosity porous materials. One was related 
to the pore structure and the other was related to the ratio between viscous characteristic length and 
thermal characteristic length. Attenborough [6] gave theoretical calculations for the acoustical per-
formances of rigid fibrous soil. Zwikker and Kosten [7] calculated the complex density and bulk 
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modulus for rigid porous materials where the pores inside porous mediums were considered as cir-
cular ones. Tarnow [8,9] gave formulas to calculate compressibility and dynamic resistivity of po-
rous fibrous material when considering it as periodically arranged parallel fibers porous structure. 
Zhang and Chen [10] proposed the extended Biot-Allard model to calculate sound absorption per-
formances when considering the changes of temperature on the wall of porous mediums, which 
showed that the results obtained by the extended Biot-Allard model were in good agreement with 
experimental tests. Delany and Bazley [11] put forward empirical formulas of characteristic imped-
ance and wave number. However, the Delany and Bazley empirical model was only effective in a 
specific frequency range, which was decided by the flow resistivity of porous metal materials. Miki 
[12] made a modification on the empirical formulas for acoustic impedance and propagation con-
stant given by Delany and Bazley, which obtained a more exact result than before. Wu [13] re-
searched on sound absorption performances of porous metal materials under high temperature and 
high sound intensity coupling conditions based on the turbulence analogy. For the experimental 
testing studies the most widely used method to test sound absorption performances of porous metal 
materials is the Transfer Function Method at the moment. Tang [14] conducted experimental tests 
on sound absorption performances of fibrous porous materials gradient structure. Belov [15] et al. 
studied the acoustic properties of porous bronze and analyzed the influences of different factors on 
sound absorption performances experimentally. Utsuno [16] conducted experimental tests on char-
acteristic impedance and propagation constant of porous materials based on the transfer function 
method. Han [17, 18] et al. researched on sound absorption properties of open-celled aluminum 
foam experimentally. Hakamada [19] conducted experimental studies on sound absorption perfor-
mances of porous aluminum fabricated by the spacer method. 

Now sound absorption performance studies of porous metal materials mainly focus on normal 
temperature and sound pressure level conditions. There aren’t any reports about experimental tests 
and theoretical studies of sound absorption performances of porous metal materials under high tem-
perature and high sound intensity coupling conditions at the moment. As the sound absorption liner 
of the aero-engine works in high temperature，high intensity and strong airflow environments, the 
theoretical and experimental researches on sound absorption performances of porous metal materi-
als under the extreme conditions becomes particularly necessary, this is of great theoretical signifi-
cance and practical value. The content and structure of the paper are as follows: Second, Design of 
the high temperature module and the high sound intensity module; Third, Experimental test of 
sound absorption performances under high temperature and high sound intensity coupling environ-
ments; Fourth, conclusions. 

 
Figure 1: The overall configuration of the experimental testing device of sound absorption performances 

under high temperature and high sound intensity coupling conditions. 
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2. First page of the manuscript 
The paper designs the experimental equipment of sound absorption performances under high 

temperature and high sound intensity coupling conditions based on two-microphone transfer func-
tion method, and complete sound absorption performance tests of porous metal materials under the 
complex environments. The designed experimental equipment of sound absorption performances 
under high temperature and high sound intensity coupling conditions is shown in Fig. 1. 

2.1 Design of the high temperature module 
In order to achieve the sound absorption performance tests under high temperature (up to 900K), 

we will conduct the design from the following aspects according to the overall configuration of the 
experimental equipment: Heating system, Cooling system, Temperature detection system, Tempera-
ture control system. And we also carry out the simulation of the temperature inside the impedance 
tube to verify the applicability of the transfer function method. 

2.1.1 Heating system 
In order to get the high temperature which is needed in the experimental test, we need to heat the 

material sample. The paper adopts a local heating method and sets two heating positions in the ex-
perimental equipment. One is at the outside of the impedance tube before the porous material sam-
ple to ensure that the impedance tube has long enough constant temperature area; and the other is at 
the rear face of the porous material sample to ensure the temperature of the sample satisfies the ex-
perimental test.  

Now heating methods widely used in the industry are resistive furnace heating, electric arc fur-
nace heating, and plasma heating. Compared with another two heating methods, resistance furnace 
heating method has a lot of advantages: high speed, high temperature, easy to control, which satis-
fies the requirements of the experimental device. Therefore, we choose the resistance furnace heat-
ing method. 

2.1.2 Cooling system 
The cooling system in the experimental equipment aims at protecting the loudspeaker (The max-

imum temperature is 150℃) and achieving the gradient temperature condition of porous metal ma-
terial sample, thus completing the sound absorption performance test under uniform temperature 
field and gradient temperature field.  

Now cooling methods widely used in the industry are air cooling, oil cooling, water cooling, and 
liquid nitrogen cooling. Compared with other cooling methods, forced water-cooling method has 
the following advantages: high efficiency, low cost, simple manufacturing process, which meets the 
cooling requirements of the experimental device. Based on the analysis above, we choose the forced 
water-cooling method. 

2.1.3 Temperature detection and controlling system 
In order to get the sound absorption performances of porous metal materials at different tempera-

tures, we need to detect the temperature inside the impedance tube at each experimental test. We 
choose the constantan thermocouple to detect the temperature in the experimental device, which has 
high accuracy, good stability and meets the experimental testing requirements. 

Besides the temperature detection system we also need to control the temperature inside the im-
pedance tube in order to avoid a great change in temperature which may lead a wrong result. Con-
sidering the accuracy and stability of different controlling methods, we choose the PID control in 
the experimental device, which is based on the principle of feedback, including proportional, inte-
gral and differential parts. The control accuracy can reach to ±0.5℃ and meets the temperature 
control requirements. Thus, the experimental device chooses the SCR actuator based on the analysis 
above. 
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2.1.4 Simulation verification of temperature field and sound field 
In order to verify the temperature field inside the impedance tube satisfies the experimental test 

requirements, we adopt the finite element software-FLUENT to carry out the temperature field sim-
ulation inside the impedance tube. Based on the sound absorption performance testing device under 
high temperature and high sound intensity coupling conditions designed above, we establish the 
three dimension geometry model firstly, then mesh and set boundary conditions, lastly introduce the 
model to FLUENT and get the simulation result, which is shown in Fig. 2 and Fig. 3. 

 
Figure 2: Gambit entity modeling model. 

 
(a)                                                             (b) 

Figure 3: The temperature field distribution inside the impedance tube, (a) The temperature distribution of 
the whole system, (b) The temperature distribution of the central axis.  

According to the temperature field distribution inside the impedance tube, we can get that the 
temperature inside the impedance tube is uniform when the distance from the testing point to the 
microphone exceeds 0.15m (three times of the impedance tube diameter), which ensures the plane-
wave propagation in the impedance tube. The high temperature module designed above satisfies the 
application conditions of the transfer function method and thus verifies the rationality of the exper-
imental test device. 

2.2 Design of the high sound intensity module 
In order to achieve the sound absorption performance tests under high sound pressure level (up 

to 150dB), the key problem is how to produce the high sound pressure level sound waves. Ordinary 
loudspeakers have a low radiation power and can’t produce high sound pressure level sound waves 
which are needed in the experimental tests. This paper proposes to set a tapered pipe at the outlet of 
the loudspeaker and adopt the finite element software-COMSOL Multiphysics to conduct the simu-
lation of the sound-collection effect of the tapered pipe to acquire reasonable structural parameters. 
Then we choose right impedance tube length to ensure plane-wave propagation inside the tube. 

2.2.1 Selection of the loudspeaker 
Now methods widely used for producing high intensity acoustic waves are mainly explosion 

sound, electrical sound and fluid sound. Considering the overall configuration of the impedance 
tube testing system and the requirements of the experimental tests, explosion sound and fluid sound 
can’t satisfy the conditions. Based on the analysis above, we choose the electric loudspeaker as the 
high sound intensity sound source. 
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Electric loudspeaker is also called electric horn, which changes the electrical signal into the 
acoustic signal. Through the survey on the horn speaker market, we choose the WS-4600 model 
horn combined with the expectations of the experiment tests. The corresponding technical parame-
ters are shown in Table 1. 

Table 1: The technical parameters of the WS-4600 model horn 

Technical index Value 
Rated power 600W 

Maximum power 1000W 
Input impedance 8Ω  

Frequency response 150-7000Hz 
Sensitivity 120dB 
Rated SPL 130dB 
Dimensions 480mm×350mm×500mm 
Net weight 26kg 

 

2.2.2 Design of the structural parameters of the tapered tube 
In order to achieve a good fit between the tapered tube and the horn, we need to design the geo-

metric dimensions of the tapered tube. Considering that the face of the WS-4600 model horn is cir-
cular in shape and the diameter of the outlet of the horn is 480mm, thus the diameter of the large 
end face is 500mm. And the diameter of the small end face is 50mm in order to have a good coordi-
nate with the impedance tube. We adopt Pro/E to build the geometric model and get the three-
dimension model of the tapered tube and the impedance tube. According to the analysis discussed 
above, we have known that taper is an important factor which affects the sound-collection effect of 
the tapered tube. We change the taper by adjusting the distance L between the large end face and 
the small end face. In the paper we choose thirteen group values of the distance L between 200mm 
and 800mm to conduct the simulation of the sound-collection effect of the tapered tube. Based on 
the simulation calculations, we get the sound pressure level distribution when the frequency is 
2000Hz and the distance is 500mm, which is shown in Fig. 4.  
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Figure 4: The sound pressure level distribution 

of frequency-2000Hz and distance-500mm. 
Figure 5: The sound pressure level curves with 
frequencies of the central axis of the right end 

face. 
According to the sound pressure level distribution in Figure.4, We can get that the sound pres-

sure level inside the impedance tube is uniform and the sound pressure level can reach to 150dB at 
the right end face of the impedance tube. Then we extract the sound pressure level of the central 
axis of the right end face under different tapered tube and different frequencies and get the sound 
pressure level curves with frequencies, which are shown in Fig. 5.  

 

 
ICSV24, London, 23-27 July 2017  5 



ICSV24, London, 23-27 July 2017 
 

According to the sound pressure level curves with frequencies in Figure.5, we get that the sound-
collection effect of the tapered tube becomes stronger and the sound pressure level is more stable 
with an increase of the distance L. The sound-collection effects don’t appear obvious changes when 
the distance L increases to a relative higher level. And when the distance L is 750mm, the sound 
pressure level of the right end face can reach to 150dB and is uniform at different frequencies. 
Therefore, we choose the tapered tube whose distance L is 750mm as the sound-collection device of 
high sound intensity. 

Based on the parameters discussed above, we complete the design of high sound intensity mod-
ule. We also conduct experimental tests of sound pressure levels inside the impedance tube and get 
that the sound pressure level is uniform which is in accordance with the simulation results, thus 
verifying the correctness of the simulation calculations and the rationality of the experimental de-
vice design. 

3. The sound absorption performance tests under high temperature 
and high sound intensity coupling conditions 

We conduct the sound absorption performance tests of porous metal materials under high tem-
perature and high sound intensity coupling conditions based on the experimental device designed 
above. The sound absorption coefficient curves for the special porous material samples are shown 
in Fig. 6 and Fig. 7. 
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(c) 
Figure 6: Sound absorption coefficient curves under different sound pressure levels (Experimental testing 

temperature: a-373K, b-573K, c-773K). 

According to sound absorption coefficient curves shown in Fig. 6 and Fig. 7, we can get sound 
absorption coefficient curves under different sound pressure levels have the same trend with in the 
whole frequency range. The sound absorption coefficients begin to go down with an increase of the 
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sound pressure level and high sound pressure level has a greater effect on sound absorption perfor-
mances of the peak frequency than those of other frequencies. The temperature has a great effect on 
sound absorption performances of porous metal materials. The sound absorption coefficients de-
crease with an increase of the temperature and the peak moves towards high frequency, which re-
sults in bad sound absorption performances of porous metal materials in the low frequency range. 
The experimental device has good testing accuracy and repeatability and completes the experi-
mental tests of sound absorption performances under high temperature and high sound intensity 
coupling conditions well. 
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(c) 
Figure7: Sound absorption coefficient curves under different temperatures (Sound pressure level: a-139dB, 

b-145dB, and c-150dB). 

4. Conclusions 
We complete the design of the sound absorption performance testing device under high tempera-

ture and high sound intensity coupling conditions and conduct the sound absorption performance 
tests of porous metal materials which have different structural parameters. The experimental device 
has good testing accuracy and repeatability. 

The next generation experimental device should consider the influence of the strong flowing air 
to simulate the working conditions of the sound absorption liner of the aero-engine better so that we 
can predict the sound absorption performances of porous metal materials under high temperature, 
high sound intensity and strong flowing air coupling conditions, which provides an important basis 
to expand its applications in aero-engine. 
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