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Nazev vysledku cesky:

ACOUSTIC-PY: modelovani akustického prenosu na periodickych rozhranich pomoct
metody konecnych prvkii

Nazev vysledku anglicky:

ACOUSTIC-PY: finite element modeling of acoustic transmission through periodically
perforated interfaces

Abstrakt k vysledku cesky:

Program vyuziva konecné-prvkovy resic¢ SfePy (simple finite elements in Python), ktery je
napsan v jazyce Python a pouziva knihovny SciPy a NumPy, k numerické simulaci Sireni
akustickych vin na perforovanych rozhranich ve 2D nebo 3D. Matematicky popis problému
je zaloZen na dvou-skdalové metodé homogenizace, jez definuje (sub)problémy na
mikroskopické a makroskopické Skale. Obé tyto ulohy a také interakci mezi nimi resi
vyvinuty program.

Abstrakt k vysledku anglicky:

The software is based on the general finite element solver SfePy (simple finite elements in
Python), written almost entirely in Python and using SciPy and NumPy libraries. It is used
to numerical modelling of acoustic transmission through periodically perforated interfaces
in 2D or 3D. The mathematical model is based on two-scale method of homogenization

which gives the (sub)problems at the microscopic and macroscopic scales. The subproblems
and its interactions are solved in the developed software.
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Documentation of AcousticPy

AcousticPy software is based on the general finite element solver SfePy (simple finite
elements in Python, [1]), written almost entirely in Python and using SciPy and NumPy
libraries. It is used to numerical modelling of acoustic transmission through periodically
perforated interfaces in 2D or 3D. The mathematical model is based on two-scale method of
homogenization [3] which gives the problems at the microscopic and macroscopic scales. The
subproblems and its interactions are solved in the developed software.

1 Mathematical model

We consider the acoustic transmission through thin perforated interface plane separating two
half-spaces occupied by the acoustic medium. On this interface the homogenized transmission
conditions are imposed, these can be obtained as the two-scale homogenization limit of the
standard acoustic problem imposed in the layer with an immersed sieve-like obstacle featured
by a periodic structure, see [7]. For such a multiscale model the sensitivity of the outer
acoustic pressure field w.r.t. the perforation design was developed in [6].

The limit model involves some homogenized impedance coefficients depending on the
so-called microscopic problems; these are imposed in the reference computational cell Y em-
bedding an obstacle S the shape of which can be designed. This homogenization approach
allows for an efficient treatment of complicated perforation designs of perforations.

2 Running simulation

The software consists of two parts, the first one solves the problems on the representative
volume element which reflect the geometrical arrangement of periodic perforation and gives
the homogenized acoustic coefficients. The second part uses the coefficients for computation
of the acoustic pressure in a given macroscopic domain.

Figure 1: The periodic reference cell representing the perforated structure and the global
domain.

2.1 Homogenized parameters of the perforated interface

The ”homogenization engine” of SfePy is used to solve the problem defined on the periodic
reference cell. The program is called as



| Mic. 2D/#1 | Mic. 2D/#2 | Mic. 2D/#3 |

7’

=

A 0.843 0.691 0.543
B 0.0 —0.251 —0.897
F —1.660 —1.557 —6.602
volY 0.880 0.880 0.760

Table 1: Homogenized coefficients A, B, I, volY for 2D structures.

| | Mic. 3D/#1 | Mic. 3D/#2 | Mic. 3D/#3 |
4 0.837 0 0.839  1.767-107° 0.640 0

0 0837 1.767-107% 0.834 0 0.695
B (0.0 0.0] [0.0 0.0] [—0.142 —0.142]
F —2.064 —1.938 —3.340
volY 0.856 0.857 0.736

Table 2: Homogenized coefficients A, B, F', volY for 3D structures.

./homogen.py acoustic_micro.py

The homogenize coefficients are stored in H DF'5 file output/acoustic_coefs.hb and in text

file output/acoustic_coefs.txt.

According to the internal variables is_sa and is_parametric in acoustic micro.py the
If is_sa is set to False the program return only
homogenized acoustic coefficients A, B, F, volY. If is_sa is set to 'scale’ or 'rotate’ then
it returns the homogenized coefficients and also their sensitivities with respect to the given

program can be run in several modes.

transformation.

To check the correct computation of the coeflicients sensitivities the finite differences can
be evaluated by setting is_parametric to 'True’. As the result, the finite differences and

sensitivities of the coefficients, are compared in the table, see below.

Acoustic coeficinets
A: [[ 85877.51964968]]
B: [-0.24470788]

F: -1.77123489094e-05
Vol _Y: 0.839999995639



Scaling

sA - grad: [[-36737.35682578]] finite diff: [[-36737.35678603]]
SB - grad: [-0.61155497] finite diff: [-0.61155497]

sF - grad: -2.22979743741e-05 finite diff: -2.22979736312e-05
sVol_Y - grad: -0.160000004361 finite diff: -0.160000005356
Rotation

sA - grad: [[-42343.81593044]] finite diff: [[-42343.83780567]]
sB - grad: [-0.32667727] finite diff: [-0.32667721]

sF - grad: 1.38736959826e-05 finite diff: 1.38737239233e-05

sVol_Y - grad: -1.08420217249e-18 finite diff: -7.77156117238e-10

The computation of only the homogenized coefficients involves solution of two microscopic
subproblems for the unknown corrector functions 7% and &, see [7]. The sensitivity analysis
is more complicated, because the auxiliary elastic problem at the microscopic level must be
solved in order to obtain the design velocity field which is necessary in evaluation of the
coefficients sensitivities, see [6]. The boundary conditions of the auxiliary problem reflect the
perturbation of a perforation design, i.e. scaling or rotation.

Figure 2: Design velocity field for scaling and rotation.

When the finite differences are required the finite element mesh must be transformed
according to the sensitivity task. To get the mesh consistent with the design velocity field
the another auxiliary elastic problems with boundary conditions corresponding to the scaling
or rotation are solved for small variations + and —d. The resulting displacements are added
to the original mesh and the homogenized coefficients are evaluated for these modifications.
Finally the central difference scheme is applied to get the finite differences.

2.2 Computation of acoustic pressure

The standard simple SfePy solver is employed for the global problem of the acoustic medium
in a given domain.

./simple.py acoustic_macro.py

At first, it calls the homogenization engine to obtain homogenized parameters of the periodic
perforation, then the problem of complex acoustic pressure is solved. The post-process routine
evaluates the transmission loss values for a rule defined by internal variable tl_method in
acoustic macro.py.

The functions defined in acoustic_macro.py can be used for:
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Figure 3: The global problem: real and imaginary part of the acoustic pressure.

parametric analysis to get the transmission loss curves for a given range of wave number,
see [2, 4]

sensitivity analysis of global acoustic problem with respect to the design of the micro-
scopic perforation; it involves the solution of the adjoined problem, see [6]

validation of sensitivity analysis which is compared with the finite differences

optimization of the global acoustic response, [6, 5]
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