16

Selected Topics of Contemporary Solid Mechanics

INTERACTION OF ULTRASONIC WAVES
WITH CONTINUOUSINHOMOGENEITY
OF POROUSMATERIALS

M. Ciesxo, W. Kriese
Ingitute of Environmental Mechanics and Applied Computer Sdéence
Kazmierz Wielki University, Bydgoszz, Poland

1. Introduction

The problem of ultrasonic wave interadion with continuousinhormrogeneity of material
is of grea importance for theory and applicaions On the one hand such materias are
commonly present in living systems, naure, building engneeging and indugry. The
maaoscopic inhonogeneity is often a result of their formation, pioduction orprocesses taking
placeduring ther life (e.g. ogeopaross), exploaation (e.g. sedimentation of pollutions on
filters) or interadionswith environment (e.g. degradaion of conaete surface. On the other
hand the ultrasonic research of such materials, dueto ther non4invasive charader, are more
commonly applied in diagnogics and determination of pore structure parameters and materia
condants.

The aim of this pgoer is to apply the new method of description of ultrasonic wave
interadions with maaoscopic inhonogenety of materia to the andysis of wave refledion
and tranamisson througha layer of porousmaterial with inhonbgeneouspore spacestructure

(Fig. 1).

2. Formulation of the problem

We condder a one dimensond problem of wave interadion with material
inhonogenety caused by alayer of pores. It concernsinteradion of waves in theair incident
on a porous surface layer of an unddormable materia with continuousy changeale pore
structure parameters (Fig. 18), and waves in an elastic solid with a layer of pores in tha
medium (Fig. 1b). We asaume tha the locd awmudicd propaties of the material are
charaderized by the impedance Z and the wave nunmbe k. These parameters, in gened, are
dependent on the spatial coordinae x and the wave frequency w.
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Fig. 1. The analyzed exemplary problems

Dueto interadion with material inhonpgeneity ead wave propagating in such material
generates the coupled badkward wave. Therefore, the acougicd field in inhonbgeneous
material is ddfined by amplitudes T and Rof the forward and ba&ward waves, respedively.



36th Solid Mechanics Conference, Gak, Sept. 9—12, 2008

17

In tha case wave interadion with continuousinhonmogendty can be conddered as
multiple refledionsand transti on of the wave throughthe boundaries of infinitesimal layers.
Such gpproadc dlows to deive the following system of equaionsfor amplitudes T and R, [3]

Reir =L @r+r , o = Lore) |
dx dx dx dx
where | = In(Z,/Z)/2 and Z, is constant.

Solution of these equations neels the parameters k and Z to be known functions of the
spatia coordinate and wave frequency. In the paper such relations are obtained in two stages.
First, both parameters are determined for homogenous materials and next their dependenceon
the spatial coordinate is postul ated.

3. Acoustical characteristics of air-filled rigid porous material

To obtain the aomusticd charaderistics for air-filled rigid porous materia, the one
dimensional system of equations has been analyzed, [4]
2
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where q=(p0-p,)/p, ,andf, , J, K are parameters of volume porosity, tortuosity and

permeability, respedively. Quantity a stands for the wave velocity in bulk fluid, and y for a
kinematicd viscosity.
The derived equations for the wave number and impedance of the air-filled rigid porous
material take the form

wo f
k=%p, Z=pa-rp,
a Pod5

where P = J/\fZ(\/H \/1+(,uff/Ka))2 +i\/\/1+(,u £2/Ke) —1}.

Analysis of influence of parameters charaderizing inhamogeneity of pore spacestructure on
charaderistics of refleded and transmitted waves was performed in the paper for different
dependence of pore structure parameters on the spatial coordinate.

The similar analysis was performed for wave propagating in elastic solid with
inhamogeneous layer of pores.

4. References

[1] L. M. Brekhowskikh (1980. Wavesin Layered Media. Academic Press New York.

[2] P. Filippi, D. Habault, J.P. Lefebvre, A. Bergassli (1999. Acoustics. Basic Physics
Theory and Methods, Academic Press San Diego.

[3] M. Cieszko, J. Kuhik. Propagation of Ultrasonic Waves in Inhamogeneous Materias (in
press.

[4] J. Kubk, M. Cieszko, M. Kacamarek (2000. Podstawy dynamiki nasy@nych osrodkéw
porowatych, Wyd. IPPT PAN, Warszava.





