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1 Introduction

The measurement with two microphones using transfer
function method [1] can provide acoustic properties such as
reflection coefficient and the sound absorption coefficient of
a tested material. For the transmission performance charac-
terization, more than two microphones are required. Munjal
and Doige [2] presented theoretical expressions of two
source-location method using four-microphone technique
and transfer function approach to evaluate the four pole pa-
rameters of an acoustic element in the presence of airflow.
The two-load method of ASTM E2611-09 [3] can be used
experimentally to obtain the transfer matrix and transmission
loss of a sample. However, the effect of the airflow is not in-
cluded in this standard.

In this study, an experimental methodology based on
transfer matrix approach is presented to evaluate the acoustic
properties of materials at high sound pressure level (SPL) in
the presence of airflow. The equations of ASTM E2611-09
are modified to account for the airflow effect. Two experi-
mental measurements with two different termination loads
under flow are required to derive the four-pole parameters of
the tested material. The transfer matrix components are given
as function of the pressures and velocities at both faces of the
material. The proposed method shows good agreement with
two-source method for different experimental measurements
performed with airflow at high sound pressure levels.

2 Description of the measurement method
with airflow

The present method to characterize acoustic materials in the
presence of airflow at high SPL with airflow requires two ex-
perimental measurements with two different termination
loads to retrieve the transfer matrix coefficients of the tested
material. The first termination load can be an anechoic termi-
nation and the second an opened termination as shown in
Fig. 1 that illustrates the sample and the forward and back-
ward traveling waves A, B, C, and D.

In Fig. 1, d is the thickness of the sample, s; and s, rep-
resent the distance between each pair of microphones. The
distance between microphone 2 and the front surface of the
sample is denoted by L; while L, is the distance between mi-
crophone 3 and the front surface of the sample. The acoustic
pressure and particle velocity upstream and downstream the
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Figure 1: Two-load measurement method with open termination.
sample can be given as

pu(x) = Ae~Jkix 4 BeJkux |
pa(x) = CeIkix 4 Deikax,
v, (x) = L (Ae‘fk;" — BeJ/kux), (D

= 7

T .
va(x) = Z(Ce Jkdx — De”‘d"),

with j2 = —1, Z,,, k}, and k;, are respectively the character-
istic acoustic impedance and wavenumbers upstream the ma-
terial, Zg, kJ, and kj the characteristic acoustic impedance
and wavenumbers downstream the material. The wave num-
bers k;i and k} are calculated using the models proposed by
Howe [4] to account for the damping effects of the acoustic
wave in the present of airflow. Two measurements with ane-
choic and opened terminations are performed under flow us-
ing the setup described in Fig. 2. These two terminations are
denoted by load «a» and load «by». The setup is made of two
anechoic terminations and two acoustic sources that can pro-
vide a high SPL up to 150 dB. The airflow through the duct
is generated by a compressor. A temperature sensor is
mounted in the tube to measure the temperature and two static
pressure sensors are used to measure the static pressure up-
stream and downstream the sample. Then, the speed of sound
in air ¢, and the density of the fluid p,, and p4 as well as the
airflow Mach numbers upstream and downstream the sample
are obtained

Qm Qm
M, = and My =
U puces d PdCoS (2)

with Q,, the mass airflow rate in kg/s and S the cross-sec-
tional area of the tube. Four % >’ microphones PCB 378A14
are mounted flush with the inner wall of the tube and a
NI CompactDAQ system is used for all signals acquisition.
The distance between each pair of microphones is 40 mm and
the inner diameter of the tube is 54 mm. The distance between
microphone 2 and the sample is equal to the one between mi-
crophone 3 and the sample, which is 50 mm. A phase and
amplitude calibration are done to minimize the error meas-
urement of the microphones.

For the experimental measurements with loads «a» and
«by, the complex amplitudes of the acoustic pressure A, B,
C, D in Fig. 1 are expressed from Eq. (1) as function of the
microphones measurement transfer functions and then the
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Figure 2: Experimental measurement setup.

pressures and velocities at both face of the material are de-
duced. From the two measurements with the two different ter-
mination loads, the transfer matrix components of the sample
in the presence of the airflow are obtained,

Poaltdb—PopU PobPda—PoaP

Tll — Poa db obY%da and le — obPda oaldb (3)
PdaWab—PdbUda PdaWdb—PdbUda
UgaUap—UgpU Pdalob—PdpUi

T21 — oa*db obl%da and T21 — da*ob dbYoa (4)
Pda¥db—PdbUda PdalWdb—PdbUda

The transmission loss is then calculated using the four
components of the transfer matrix in Egs. (3) and (4).

3 Comparison of the present method with two
source method

A perforated silencer containing a single chamber is tested at
145 dB. The inner diameter of the perforated tube and the
outer diameter of the silencer are respectively 54 = mm and
149 mm and the length of the perforated tube is 243 mm. The
chamber of the silencer is filled with fibrous wool with a mass
of 394.2 g. Figure 3 shows the comparison of the transmis-
sion loss of the perforated silencer filled with fibrous wool
for mass airflow rate of 158 kg/h, which corresponds to air-
flow Mach number of 0.049. The present method is compared
with two-source method that is de-scribed in Ref [2].
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Figure 3: Comparison of the transmission loss of a perforated si-
lencer filled with fibrous wool.

The result of the present method in Fig. 3 agrees well
with two-source method. Figure 4 shows the transmission
loss of a micro perforated panel absorber made of a panel
with slit-shaped holes with a thickness of 0.6 mm backed by
a honeycomb structure with thickness of 17.75 mm and a
rigid wall. The measurement is performed at grazing inci-
dence for a SPL of 140 dB and airflow Mach number of
0.103.
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Figure 4: Comparison of the transmission loss of perforated panel
absorber with slit-shaped holes at grazing incidence.

In Fig. 4, the present method and two-source method re-
sults are in good agreement.

4 Conclusions

An experimental method based on ASTM E2611-09 standard
is presented to measure the acoustic properties of material at
higher sound pressure excitations in airflow environment.
Two experimental measurements with two different termina-
tion loads are performed to retrieve the four-pole parameters
of the tested material. The proposed method shows good
agreement with two-source method. It can be used to charac-
terize experimentally acoustic materials in the presence of
airflow at high SPL.
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