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                      ABSTRACT

The last three decades have seen a rapid increase in demand for computational 
field simulations. Typical application areas have been fluid dynamics, 
hydrodynamics, electromagnetics, magnetohydrodynamics, ocean and atmospheric 
modeling, heat and mass transfer, microelectronics, and biomedicine, though 
to some degree they have a part to play in all physical field problems. These 
computational simulations all involve the numerical solution of systems of 
non-linear partial differential equations (PDEs) which govern the physical
process being studied and which one should solve for simulating the attendant 
phenomena. In order to run the computational model, these PDEs are approximated
on some coordinate grid (also known as a mesh) and reduced to a finite 
difference form. The ability to construct such a grid in general domains is an 
essential component of any such simulation but it is a formidable task to 
carry this out for arbitrary configurations since the grids are subject to 
many constraints arising from underlying physics, the numerical algorithm or 
geometry associated with the regions within which a solution is desired. This 
is further complicated in the solution of time-dependent nonlinear PDEs by the 
fact that varying length scales which exist in the field now move as the 
simulation progresses. The selection and generation of the computational grid 
is currently one of the most challenging problems faced by the computational 
modeling community in attempting to numerically solve the problems of 
mathematical physics.

The main goal of grid generation is to partition the computational domain 
into cells or elements in such a way that the differential problem can be 
solved most accurately and efficiently. Existing approaches can typically 
be divided into two categories: (1) structured meshes, made up of quadrilateral 
or hexahedral cells, which are typically used with finite difference 
approximations, and (2) unstructured meshes, usually consisting of triangular 
or tetrahedral cells, and commonly used with the finite element method. This 
work will focus on the first approach.

Grid generation methods have developed considerably in the last twenty years, 
driven by the requirements of practical applications as the solution of 3D 
stationary and non-stationary problems became commonplace. However, in spite 
of the progress achieved, existing grid generation algorithms and computational 
codes still fail to completely satisfy users because of the often poor quality 
of the resulting grids, especially for complex spatial field configurations, 
the lack of a reliable means for evaluating grid quality, and a low level of 
automation of the grid generation process. Speed is also a serious issue: when 
computing the flow around complex 3D configurations, the generation of the mesh
is typically the most time consuming part of the calculation. Current grid 
generators may require days, or even months, of elapsed time to find an 
appropriate solution.

These difficulties with spatial mesh construction are caused by a number of 
problems. For example, when generating a hexahedral grid (regular or 
irregular), every cell of which is a hexahedron (topological cube), there 
is a finite, but unknown, set of conditions which can be used to determine 
whether or not the mesh is folded, i.e. some coordinate surfaces have 
self-intersections. This is a key matter because if the mesh is folded it 
is not invertible (cannot be transformed to a regular mesh on which the PDEs 
can be solved simply) and the approximation of the physical laws on such a 
grid is incorrect. In practice the computations simply fail to execute on a 
degenerate mesh of this type. The immediate challenge is to provide 
automatically (i.e. without any user intervention) unfolded grid generation. 
Hence the detection and prevention of folding in 3D grid construction are two 
of the fundamental objectives of this project, in which it is planned to 
develop conditions of non-degeneracy for different types of spatial grids.

Objectives of the project:

1) To develop the variational barrier method of hexahedral 
grid generation with second control metric.


The method for grid generation will be developed for 3D domains of complex 
forms. The problem of grid generation is formulated as finding a discrete 
one-to-one mapping of a parametrical domain with a given mesh onto the 
physical domain by minimizing the variational functional. The criteria of 
optimality of grids are those of geometrical optimality, including the 
closeness of the curvilinear grids to uniform and orthogonal ones. Grids 
will be structured (or block-structured) and composed of hexahedral cells.
The distinctive features of this method are the special way of formalizing 
a grid's closeness to a uniform one and the guarantee of grid non-degeneracy. 
The advantage of this method will be the reliability and efficiency of grid 
generation for complex configuration of the domains.


2) To develop criteria for non-degeneracy of spatial meshes.

Analytical and numerical criteria for non-degeneracy will be obtained 
for different types of spatial meshes. Some conditions of non-degeneracy 
have already been obtained for hexahedral, pyramidal and prismatic cells. 
The distinctive feature of the conditions is that for complicated curvilinear 
cells having, in general, non-planar faces the conditions are obtained in 
terms of volumes of polyhedra and tetrahedra with planar faces. This allows 
the construction of efficient grid quality criteria and an essential 
simplification of the numerical analysis and the construction of numerical 
algorithms on such grids. On the basis of these conditions the classification 
of different types of hexahedral cell degeneration will be obtained. The 
structure of non-degenerate hexahedral cells will also be investigated and
classified.


-- 
Best regards,
 Ph.D)                            mailto:azarenok@ccas.ru
