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ABSTRACT

Variational Multiscale Methods (VMS), as introduced by Hughes, et al. [1,2] have been employed and
demonstrated for a variety of applications in computational mechanics. The basic idea of VMS is to
decompose the macroscopic mechanics problem into a series of problems each of which represents an
appropriate length and time scale for the problem of interest. When cast in a computational framework
using a weighted residual approach, some of the problem scales will be resolvable on the computational
grid and some will need to be solved and/or modeled as subgrid quantities. It is the use and specification
of the subgrid quantities that determine how the VMS method is viewed and catagorized. To date,
three main variants of the method have been developed. For some applications, the subgrid quantities
provide a method for stabilization of the basic numerical method through residual redistribution [1]. The
implementation of physical models, such as turbulence, is appropriately and conveniently accomplished
through a VMS approach [3]. Finally, the method can be utilized as a paradigm for coupling various
types of methods, such as the joining of material regions with continuum and non-continuum behavior
[4].
In the present work the VMS methodology is applied in three different applications with the subgrid
scales being used primarily to either incorporate physical models or provide a coupling mechanism.
The acoustically filtered form of the Navier-Stokes equations is formulated utilizing a finite element,
VMS approach to allow the implementation of an LES turbulence model. The interest for this compu-
tational capability is in the simulation of non-Boussinesq flows. A second application of VMS is in the
development of a stochastic model for heat conduction in a reactive material. In this case, the subgrid
scale is used to represent the randomized, heterogeneous material and its chemically reactive response
to thermal perturbations. The third application of VMS provides a method for coupling a continuum,
compressible flow code with a non-continuum, particle-based method. The application of interest in-
volves the expansion of a plasma in a complex geometry.
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