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An algorithm based on the spectral-difference method for numerical solution of the 

dynamic problem for porous media is proposed. We consider a linear two-dimensional 

problem in the form of dynamic equations in terms of displacement components described 

by three elastic parameters. The governing equations are based on conservation laws and 

consistent with the thermodynamics conditions. The medium is assumed to be isotropic 

and two-dimensional-inhomogeneous with respect to the spatial coordinates. To 

numerically solve the problem, we propose a method based on the joint use of the Laguerre 

integral transformation with respect to time and the finite difference approximation with 

respect to spatial coordinates. A description of the numerical implementation of the 

proposed method is given and its features are analyzed in the calculations. The efficiency 

of applying the Laguerre transformation and its difference from the Fourier transform for 

solving the direct dynamic seismic problems is discussed. Numerical results of the 

simulation of the seismic wave propagation fields for the test medium model are presented.                                                                                                                                                                                                                                                                                                                                                                                                                                    

1. Introduction The simulation of the physical properties of a porous medium and their 

related investigations of fluid flows in porous structures conventionally occupy one of 

important places among modern problems of computational mathematics and 

mathematical modeling. On the one hand, this is due to the fact that porous can be a 

structure of a variety of natural and artificial materials: soils and soil, plant and animal 

tissues, fibrous, powder and foamed metal, ceramic, polymer and composite materials. On 

the other hand, this is due to the complexity both of theoretical, and experimental analysis 

of the internal structure of a porous medium. Without taking into account such a complexity 

it is impossible to predict and assess the effectiveness of applying porous materials in the 

new and modernized technological processes. The use of models of porous structures 

strongly affected the development of many areas of scientific research: the theory of 

filtration and energy, mechanics and materials sciences, medicine and biology, agriculture 

and earths sciences. As mathematical models the Frenkel-Biot type models are generally 

used [1, 2]. A characteristic feature of the latter is the availability of additional secondary 

longitudinal wave. In the Frenkel-Biot type theory, velocities of the propagation of such 

waves is a function of four elastic parameters for given values of the physical parameters 

of a medium [1, 2]. In 1989, V.N. Dorovsky [3], based on the first common physical principles, 

constructed a nonlinear mathematical model for porous media. Just as in the Frenkel-Biot 

theory, in the Dorovsky model there are three types of sound oscillations: transverse and 

two types of longitudinal oscillations. In contrast to models of the Frenkel-Bio type, in the 

Dorovsky linearized model a medium is described by three elastic parameters [4, 5]. These 

elastic parameters are in a one-to-one manner expressed by three velocities of elastic 

vibrations. This circumstance is important for the numerical modeling of the propagation 

of elastic waves in porous media, when velocity distributions of acoustic waves, the 

relations of the physical density of the enclosing medium to the liquid saturating it and the 
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value of the porosity coefficient are known. In this paper, we solve a system of linearized 

dynamic equations for the twodimensional problem of the seismic waves propagation in 

porous media [4-7]. The initial system is written down in terms of the matrix displacements, 

the displacements of a saturating liquid. In the numerical solution of the specified problem, 

the method of combining the Laguerre analytical transform with respect to time and a finite 

difference method with respect to space is employed. This method of solving the dynamic 

problems of the elasticity theory was first considered in [8, 9], and then developed for the 

viscoelasticity problems [10, 11]. The proposed method of solution can be regarded as an 

analog to the well-known spectral-difference method based on the Fourier spectral 

transforms, only instead of the frequency ω we have the parameter m, i.e. the degree of the 

Laguerre polynomials. However, in contrast to the Fourier transform, the use of the Laguerre 

integral transform with respect to time makes it possible to reduce the original problem to 

solving a system of equations in which the separation parameter is present only in the right-

hand side of the equations and has a recurrent dependence. As opposed to the finite 

difference method, when using the spectral method with the analytical transformation we 

can reduce the original problem to the solution of a differential system of equations in 

which there are derivatives only with respect to the spatial coordinates. This allows 

SIMULATION OF THE SEISMIC WAVE 593 us to apply well-known stable difference schemes 

for a subsequent solution to similar systems. This approach is effective in solving non-

stationary dynamic problems for porous media. However the presence of the secondary 

wave with a low velocity results in an increase in the amount of calculation when using 

explicit difference schemes.   

Conclusion The algorithm proposed is an analog of the well-known spectral methods for 

solving dynamic problems. However, unlike the classical transformations of Fourier and 

Laplace, the application of the Laguerre transform brings about a system of equations in 

which the harmonic separation parameter is present only in the righthand side in the 

recurrent form. As a result, in the reduced problem the matrix of the system of linear 

algebraic equations has a good conditionality, which makes it possible to use efficient 

methods for solving such systems. The analysis of the test calculations reveals the stability 

of the algorithm presented even for the medium models with drastically contrast interfaces 

between layers or the medium models containing thin layers comparable with spatial 

wavelength. 
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