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How 1o DISCRETIZE THE PRESSURE GRADIENT FOR CURVILINEAR MAC Grips. Robert S. Bernard and
Hartmut Kapitza, CE-WESHS-R, U.S. Army Engineer Waterways Experiment Station, 3909 Halls
Ferry Road, Vicksburg, Mississippi 39180, USA.

Curvilinear coordinates present certain difficulties for incompressible flow calculations with marker-
and-cell (MAC) grids. Among these are questions regarding the discretization of derivatives in the
pressure gradient, which should remain irrotational while maintaining conservation of mass. This paper
examines alternative approximations for pressure derivatives next to the boundaries and for coordinate
derivatives throughout the flow. Several combinations of alternatives are tested for their ability to
remove continuity violations, without adding vorticity, in channels that have been fitted with non-
orthogonal MAC grids. Each of these combinations achieves conservation of mass, but only one of them
makes the pressure gradient effectively irrotational. The latter condition is achieved by using identical
approximations for coordinate derivatives and pressure derivatives throughout the flow, and by using
one-sided approximations next to the boundaries for ambiguous derivatives in the off-boundary direction.

A DOMAIN DECOMPOSITION METHOD FOR GENERATING ORTHOGONAL POLYNOMIALS FOR A GAUSSIAN
WEIGHT ON A FINITE INTERVAL. Raymond C. Y. Chin, Lawrence Livermore National Laboratory,
Livermore, California 94550, USA.

A domain decomposition method has been developed for generating orthogonal polynomials for a
Gaussian weight on (—1, 1). The method takes advantage of the underlying asymptotic structure of the
orthogonal polynomials and, hence, it is effective in the sense that it makes maximal use of the analytic
properties of the solution to increase accuracy and efficiency. These polynomials are necessary for con-
structing Gaussian quadrature formulas that are encountered in large quantum chemistry computational
packages and in calculating the Compton scattering kernel and its associated angular moments.

A MICROINSTABILITY CODE FOR A UNIFORM MAGNETIZED PLASMA WITH AN ARBITRARY DISTRIBUTION
FuncTION. Y. Matsuda and Gary R. Smith, Lawrence Livermore National Laboratory, Livermore,
California 94550, USA.

We have developed a very general computer code for studying microinstabilities in a uniform
magnetized plasma. Employing a new algorithm to perform two-dimensional numerical integrals in the
conductivity tensor, the code can handle an arbitrary distribution function, given by either an analytical
function or numerical values on a momentum space grid, and solve the full dispersion relation for
an arbitrary propagation angle in either- a non-relativistic or relativistic plasma except for a highly
relativistic plasma (energy » 1 MeV). The results for cyclotron-maser instability and whistler-wave
instability are presented to illustrate the validity of the method.

HarMonIC STOKES FLow THROUGH PERIODIC POROUS MEDIA. A 3D BOUNDARY ELEMENT METHOD.
Lionel Borne, Institut Franco-Allemand de Recherches de Saint-Louis, 12, rue de L'Industrie,
68301 Saint-Louis Cedex, FRANCE.

Our interest is in dynamic filtration through periodic, porous, saturated media. More precisely, we
develop here a three-dimensional numerical model, based on boundary elements methods, to compute
the dynamic permeability over a wide range of such media. This generalized Darcy coefficient is obtained
by the homogenization process applied to a periodic, deformable, porous medium under dynamic
solicitations. An unusual choice of Green functions is made. A simple numerical procedure is used for
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the treatment of the periodic boundary conditions. Recent advances to treat singular integrals are
employed and extended to our case. The method is tested on simple examples where theoretical results
are available. In the static case results are compared with many previous results on periodic arrays of
spheres. New results are given in the dynamic case. The scaling behavior for dynamic permeability in
porous media is checked and discussed.

SIMULATION OF THE STEADY-STATE ENERGY TRANSFER IN RiGID BoDIES, WiTH CONVECTIVE/RADIATIVE
BouUNDARY CONDITIONS, EMPLOYING A MINIMUM PRINCIPLE. Rogerio Martins Saldanha da Gama,
Laboratorio Nacional de Computacao Cientifica, Rua Lauro Muller 455, 22290 Rio de Janeiro,
BRAZIL.

The subject of this paper is the energy transfer phenomenon in a rigid and opaque body that
exchanges energy with the environment, by convection and by diffuse thermal radiation. The considered
phenomenon is described by a partial differential equation, subjected to (nonlinear) boundary
conditions. It is presented as a minimum principle, suitable for a large class of energy transfer problems.
Some particular cases are simulated.

FAST POTENTIAL THEORY II: LAYER POTENTIALS AND DISCRETE SuMs. John Strain, Courant Institute of
Mathematical Sciences, 251 Mercer Street, New York, New York 10012, USA.

We present three new families of fast algorithms for classical potential theory, based on Ewald
summation and fast transforms of Gaussians and Fourier series. Ewald summation separates the Green
function for a cube into a high-frequency localized part and a rapidly-converging Fourier series. Each
part can then be evaluated efficiently with appropriate fast transform algorithms. Our algorithms are
naturally suited to the use of Green functions with boundary conditions imposed on the boundary of
a cube, rather than free-space Green functions. Our first algorithm evaluates classical layer potentials on
the boundary of a d-dimensional domain, with d equal to two or three. The quadrature error is
O(h™)+e, where h is the mesh size on the boundary and m is the order of quadrature used. The
algorithm evaluates the discretized potential using N elements at O(N) points in O(N log N) arithmetic
operations. The constant in O(N log N) depends logarithmically on the desired error tolerance. Our
second scheme evaluates a layer potential on the domain itself, with the same accuracy. It produces M
values using N boundary elements in O((N+ M%) log M) arithmetic operations. Our third method
evaluates a discrete sum of values of the Green function, of the type which occur in particle methods.
It attains error ¢ at a cost O(N*log N), where « =2/(1 + D/d) and D is the Hausdorff dimension of the
set where the sources concentrate in the limit ¥ — oo. Thus it is O(N log N) when the sources do not
cluster too much and close to O(N log N) in the important practical case when the points are uniformly
distributed over a hypersurface. We also sketch an O(N log N) algorithm based on special functions.
Two-dimensional numerical results are presented for all three algorithms. Layer potentials are evaluated
to second-order accuracy, in times which exhibit considerable speedups even over a reasonably
sophisticated direct calculation. Discrete sum calculations are speeded up astronomically; our algorithm
reduces the CPU time required for a calculation with 40,000 points from six months to one hour.

A FRONT TRACKING METHOD FOR VISCOUS, INCOMPRESSIBLE, MULTI-FLUID FLows. Salih Ozen Unverdi
and Gretar Tryggvason, Department of Mechanical Engineering and Applied Mechanics, The
University of Michigan, Ann Arbor, Michigan 48109, USA.

A method to simulate unsteady multi-fluid flows in which a sharp interface or a front separates
incompressible fluids of different density and viscosity is described. The flow field is discretized by a
conservative finite difference approximation on a stationary grid, and the interface is explicitly represented
by a separate, unstructured grid that moves through the stationary grid. Since the interface deforms



