A New Device for Fluid Equivalent Parameters Assessment
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Introduction

Several experimental methods have been developed for the estimation of poro-elastic fluid equivalent
parameters: low or high frequencies acoustical methods, non acoustical methods. Low frequencies acoustical
methods [1, 2, 3,] are based on the measurements of the equivalent dynamic density and bulk modulus of the
porous medium. They can be divided into analytical and inverse methods. The advantage of these methods is
that they do not require specific or expensive equipment. However, most of these methods require prior
knowledge or estimation of the static flow resistivity and open porosity.
In this paper, we present a new approach based on the use of an impedance sensor [4] with significant low
frequency extension than classical duct methods. Dynamic density and bulk modulus are therefore measured
over a wide frequency range, and the static air flow resistivity and open porosity can be directly obtained
from the low frequency asymptotes (of the equivalent dynamic density and bulk modulus), an approach
which is not possible with classical duct methods. The remaining fluid equivalent parameters can be
analytically obtained from the same measurements using the well-known analytical methods [1,2].
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Description of the Method

The proposed approach uses an impedance sensor developed by CTTM and LAUM [4]. This sensor performs
accurate impedance measurements at low frequencies. Typically, the frequency range 20Hz – 5000Hz can be
covered which offers new possibilities compared to multi-microphones duct measurements methods.
The porous density and bulk modulus are obtained from the measurement of two impedances (Figure 1). The
surface impedance of the porous sample is measured for two mounting conditions:
- 𝑍𝑠∞ is the measured surface impedance with a rigid back (infinite impedance),
- 𝑍𝑠𝐴 is the measured surface impedance with the sample loaded by the impedance 𝑍𝐴 .

Figure 1: Measurement procedure with two acoustic loads
Then, the equivalent characteristic impedance and wave number of the porous media are given by:
2
𝑍𝑒𝑞
= 𝑍𝑠𝐴 (𝑍𝐴 + 𝑍𝑠∞ ) − 𝑍𝐴 𝑍𝑠∞
𝑘𝑒𝑞 = arctan(−𝑗𝑍𝑒𝑞 ⁄𝑍𝑠∞ )/𝑑

where 𝑑 is the sample thickness. Dynamic density is calculated with 𝜌𝑒𝑞 = 𝑍𝑒𝑞 𝑘𝑒𝑞 ⁄𝜔 and bulk modulus
with 𝐾𝑒𝑞 = 𝜔𝑍𝑒𝑞 ⁄𝑘𝑒𝑞 .

Considering the poroelastic media described by the JCAL model [5], the low frequency asymptotes of
dynamic density and dynamic bulk modulus allow the estimation of the open porosity 𝜙 and the static air
flow resistivity 𝜎 by:
- 𝜙 = 𝑃0 ⁄ lim (𝑟𝑒𝑎𝑙(𝐾𝑒𝑞 ))
-

𝜔→0

𝜎 = −𝜔 × lim (𝑖𝑚𝑎𝑔(𝜌𝑒𝑞 ))
𝜔→0

where 𝑃0 is the atmospheric pressure.
To optimise the approach, it is better to take non resonant acoustic loads. Thus, for the impedance 𝑍𝐴 , we
have chosen a high performance and compact anechoic end [6].
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Results

Figure 2 below presents some results for the estimation of open porosity and static air flow resistivity,
showing that measurement below 100Hz are often requested to reach asymptote value of the parameters.

Figure 2: Example of open porosity and static air flow resistivity estimation. Dotted lines correspond
to final parameter estimation.
In the presentation, we will show that the proposed method allows the analytical estimation of the complete
set of poro-elastic fluid equivalent parameters with only one compact device. All parameters are estimated
from the same sample, and with the same mounting condition, thus providing the method with increased
accuracy.
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