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At present, sound absorption properties of porous metals at high temperature, as well as involv-
ing in multi-physical fields such as high Mach number airflow and different temperature gradi-
ents are still focused on. Due to strong- nonlinearities included in above cases, it is relatively
difficult to do effective thermal and acoustic simulations. This paper put forward a 3D simula-
tion model with the help of thermal analysis module of COMSOL MULTIPHYSICS. In addi-
tion, a realistic steady state heat transfer apparatus is established in order to produce some valid
experimental data for the improvement of the 3D simulation model. After that, other analysis
and numerical experiments for coupling acoustic fields may be performed to explore the sound
absorbing properties of porous metal at high temperatures quantitatively.
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1. Introduction

Porous metal materials have some attractive advantages such as good absorption capacity of
shock energy, excellent sound absorption, lightweight, and thermal exchange properties. Therefore,
they have potential applications in many important fields, such as aviation industry, deep sea engi-
neering, biomedical engineering, and mechanical engineering [1]. More and more authors have paid
more attention to the research on the properties of porous metal materials, in particular on materials’
multifunctional characteristics [2, 3]. In this paper, through the analysis and summary of the rele-
vant basic theories, a 3D simulation model was built by using COMSOL. In this work, we revised
and improved the previous experimental apparatus for studying sound absorbing properties under
high temperature conditions by means of performing numerical calculation, analysis and the exact
measurements, making the simulated results more reliable. It should be noticed that a simulation
tool COMSOL is used in this work to analyse the heat transfer and airflow inside tube of the appa-
ratus. By performing many thermal tests for the apparatus at different heating temperatures, the de-
veloped simulation model was constantly improved and the reliable simulation results come out
accordingly. In this way, we eventually verify the accuracy of the model and its rationality for fu-
ture applications.
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2. Simulation models

2.1 Geometric Model

In this subsection, a 3D geometric model is firstly built up by using COMSOL- owned geometric
modelling tool, in accordance with the realistic scale of the apparatus under consideration; see Fig.
1.
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Figure 1: Geometric model in COMSOL for the apparatus.

2.2 Physical Model

Following the geometric modelling, the corresponding physical model is put forward in this sub-
section. The establishment of the physical model needs to match the requirements of ambient exper-
imental environment by means of valid parameters setting. Considering model extending for future
use and its potential applications, we employ a porous media heat transfer module of COMSOL in
simulation. The purpose is to facilitate the test of the heat transfer of the apparatus and the experi-
mental measurement of sound absorbing capacity of porous specimen and also to study the sound
absorption performance of other porous composites under the condition of high temperatures. Be-
cause that in COMSOL, there is no solid heat transfer module embedded in the heat transfer module
only for porous media. Therefore, we have to separately add solid heat transfer and fluid heat trans-
fer module. In the establishment of physical model, the convective heat flux and external natural
convective exchanges are considered at the same time. In addition, the length of the contact surface
is set to be 1 meter, ambient pressure is considered to be standard atmospheric pressure, and the
room temperature is 25 °C,which is measured in lab. Also we think the external wall of apparatus
radiates heat outwards to ambient environment, so the options for the streamline diffusion and the
crosswind diffusion in COMSOL are switched on. Meanwhile, the refractive index of transparent
medium is selected to be 1. The radiation resolution is set to be 256, the option for wavelength de-
pendence of radiation is kept constant, the surface emissivity is 0.35, and the radiation direction is
normal to the surface of solid tube of the apparatus, as shown in Fig. 2.
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Figure 2: The directions of heat radiation on the external surface of tube of the apparatus.

After establishing the physical model, one may turn it into a corresponding finite element model.
The mesh parameters involved for model are listed in Table 1.

Table 1: The mesh parameters for simulation model

Unit information Values Unit information Values
Mass Of(g)”im“m unit | 7 2310 Maximum cell size (m) 0.0692
Mass OIKZ‘;erage unit 0.6904 Minimum cell size (m) 0.00865
Numb elr”?iistetrahedral 25562 Curvature factor 0.5

Numbuer:igsf triangle 7784 Resolution for narrow area 0.6
Number of edge units 1276 The maximum growing rate 1.45

Numlkjﬁgtgf vertex 120 Predefined size Refining

3. Numerical calculations

In numerical calculations for heat transfer of this apparatus, an energy conservation equation for
solid embedded in COMSOL tool must satisfy, as follows:

pc,u. V. (Ty) = V. (k. VT,)+Q 1)

In Eqg. (1), p is the density of solid material, c, is the specific heat capacity at constant pressure, u
is the particle velocity, k is the thermal conductivity, T is the temperature variable, and Q is the
heat flow rate of heat source. It is noted that the three components uy, uy, u, of velocity vector u are
regarded as zero and also no any heat source is included in COMSOL simulation, i.e., here Q=0.

For hot air inside apparatus, the similar energy conservation equation must satisfy also, as follows.

pcp.V.(T5) = V. (k.VT) + Q + Qpg + Q, (2)

In Eq. (2), p, Cp, U, K, T2, and Q have the same meaning as defined in Eq. (1). Besides, Q4 stands
for the viscous dissipation rate and @, for the pressure work per second.

As for the convective heat exchange between the whole apparatus and airflow of outside tube,
we can use the following formula to describe:

qo = h. (Texe — T2) (3)
h = h(L, Pa, Text) 4
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In Egs. (3)- (4), the symbol g, stands for the thermal flux, and h for the heat exchange coefficient;
for air, h is from 5 to 25 with the unit W/ (m?.K). In addition, P stands for the standard atmospher-
ic pressure, T, for the external temperature, and L for the length of contact surface.

Pertaining to heat radiation to ambient, in this work, only the radiation from the external surface
of the apparatus is taken into account and the involved control equation for heat radiation is given
as

—n. (kVT,) = e0(Tgmp — T2) (5)
where, n is the refractive index of air, k the thermal conductivity, T, the temperature in the solution
domain, T the ambient temperature, € the surface emissivity (usually, €=0.35), and o the Boltzmann
constant.

4. Results and conclusions

In this work, in order to eventually obtain the sound absorbing performance of porous metallic
specimen at high temperatures, we selected two microphones( MPA416 series products) to collect
acoustic signals during acoustic measurements; note that the working temperature for two micro-
phones is from 10 C to 50 C. Hence, it should be pointed out that the working area of two micro-
phones must be in normal ranges of working temperatures above-mentioned. To meet this require-
ment, we have to cool the air inside apparatus and tube wall neighbouring above working area for
microphones, i.e., keeping the temperatures in this area less than 50°C. And enhanced cooling water
pipes and some slices of insulation materials are designed and employed for the safety of micro-
phones in this apparatus. According to the above design idea, an improved high temperature sound
absorbing apparatus of porous metals are implemented, as shown in Fig.3:

Figure 3: High temperature sound absorbing apparatus of porous metals.

To verify the accuracy of the heat transfer model, the temperatures at 15 positions on the external
surface of this apparatus must be separately measured under the conditions that the heater tempera-

ture is adjusted to be 100 C, 200 °C, 300 ‘C, and 400 ‘C ,respectively. Moreover, the distributions
of all testing points are shown in Fig. 4 below.
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Figure 4: Testing points at 15 positions on the external surface of apparatus.
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To obtain above distribution of temperatures, we measured the actual temperature at 15 posi-
tions on the surface of tube for heat source with four given temperatures, 100, 200, 300,and 400°C.

The measured distributions of temperatures are plotted in Figs. 5-8.
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Figure 5: The temperature distribution for the heater of 100°C.
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Figure 6: The temperature distribution for the heater of 200°C.
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Figure 7: The temperature distribution for the heater of 300°C.
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Figure 8: The temperature distribution for the heater of 400°C.

In conclusions, the simulation model for studying the sound absorption performance of porous
metal material in a high temperature apparatus was established by using "porous media heat trans-
fer" module and “pressure acoustics and frequency domain” module in COMSOL Multiphysics.
The thermal properties of whole apparatus in Multiphysics field was analysed by means of coupling
physical fields modulus of COMSOL. In addition, for the theoretical modelling of porous metals,
the classical Johnson-Champoux-Allard acoustic model is employed [4]. And the several conclu-
sions are briefly drawn as follows:

(1) The simulation model established by COMSOL Multiphysics can explore the temperature
distribution of this presented apparatus and sound absorption performance of porous materials.

(2) In the simulation model, it can be seen that the temperature distribution inside this apparatus
has an important effect on the sound absorption performance of the porous metal material and the
calculated and measured results are in consistent with the actual physical phenomena.

The work in this paper provides a reference for the subsequent study of the sound absorption per-
formance of porous metal materials in the presence of temperature gradient, making the simulation
model more reliable and accurate.
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