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ABSTRACT

Poroelastic materials consist out of an irregular solid skeleton, whose pores are filled with a fluid.
Friction between the fluid and solid phase as well as pressure gradients in the fluid phase result
in interesting dissipative properties, making poroelastic materials frequently used in noise and
vibration control measures. The coupling of the fluid and solid phase is described by the Biot-
Allard theory, which models the porous material as an equivalent homogeneous material [1].

Numerical models of poroelastic materials discretized using the finite element method (FEM)
result in very large systems, because each node has degrees of freedom corresponding to the
fluid and the solid phase, doubling the system size compared to homogeneous materials. If the
effects of high frequencies are to be resolved correctly, computation times grow prohibitively.
Therefore, the system size has to be reduced in order to ensure an efficient design process
for poroelastic structures. Classic reduction approaches, however, can not be applied, as the
material properties of the poroelastic materials are highly frequency dependent and the governing
differential equations do not have the same form as standard second order dynamic systems.

In this contribution, we present a procedure for the efficient computation of systems modeling
the coupling between a poroelastic material and a surrounding acoustic fluid. The differential
equation of the poroelastic material based on the Biot-Allard theory, which contains several
frequency dependent terms, is transformed into the standard second order structure using a
Taylor series, as suggested for viscoelastic materials by Xie et al. [2]. The resulting equation
is reduced using the two-level orthogonal Arnoldi (TOAR) procedure, which generates an or-
thonormal basis for a Krylov subspace of the full problem around a certain expansion point [3].
In order to find a reasonable approximation for the material properties for a wide frequency
range, subspaces at different expansion points are generated and merged into a single reduction
basis. This is used to generate a reduced model, which is able to describe the full model’s system
response over a wide frequency range appropriately.

The validity and accuracy of the proposed method and the behavior of porous materials in the
setting of passive noise and vibration control are shown in numerical examples comparing the
results obtained from the reduced models to reference experiments from literature [4].
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