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1 Orthogonal grids on meander-like regioMarianela Lentini and Marco Paluszny
Abstract.

Lemniscates are level curves of the absolute value of uaigacomplex polynomi-

als. We consider the approximation of meander-like reg{pes regions similar to

meandering rivers) by pairs of confocal lemniscates thattitched together con-
tinuously. We look at orthogonal grids on these types of @leegions. The main
application is in the area of numerical solution of partiffedential equations.
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14 A note on numerically consistent initial values for high éxdlifferential-algebraic
equationsCarmen Aévala

Abstract.

When differential-algebraic equations of index 3 or higler solved with backward
differentiation formulas, the solution can have gross rarin the first few steps,
even if the initial values are equal to the exact solution eweh if the stepsize is
kept constant. This raises the question of whatcamgsisteninitial values for the

difference equations. Here we study how to change the exitie values into what

we callnumerically consistenhnitial values for the implicit Euler method.
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20 Unique solvability in bivariate Hermite interpolationa Marco and Jos-Javier
Martinez

Abstract.

We consider the question of unique solvability in the cohtshbivariate Hermite

interpolation. Starting from arbitrary nodes, we preserésbitrary conditions of

Hermite type, and find an appropriate interpolation spaaehich the problem has
a unique solution. We show that the coefficient matrix of tbeogiated linear system
is a nonsingular submatrix of a generalized Kronecker pcodfinonsingular ma-
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trices corresponding to univariate Hermite interpolapooblems. We also consider
the case of generalized polynomials, such as Cauchy-Varatete systems.
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Numerical bifurcation of separable parameterized eqoatiorun-Qiu Shen and
Tjalling J. Ypma

Abstract.

Many applications give rise to separable parameterizedtens, which have the
form A(y, u)z + b(y, u) = 0, wherez € RY, y € R", € R?, and the(N +
n) x N matrix A(y, 1) and(N + n) vectorb(y, 1) areC?-Lipschitzian in(y, i) €

Q c R™ x R%. We present a technique which reduces the original equédion
the form f(y,u) = 0, wheref : Q — R" is C?-Lipschitzian in(y, ). This
reduces the dimension of the space within which the bifiznatlation occurs. We
derive expressions required to implement methods to sbleedduced equation.
Numerical examples illustrate the use of the technique.
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Random coefficient differential models of growth of anaérophotosynthetic
bacteria. Dan Stanescu, Benito Chen-Charpentier, Brandi J. Jenserd a
Patricia J. S. Colberg

Abstract.

In many fields of science and engineering there are matheahatiodels given in
terms of differential equations with random coefficientbeTandomness is due to
errors or uncertainty. Closed solutions are few, and ugunalimerical approxima-
tions need to be calculated. Polynomial chaos is a powerédihod in this regard.
Here we apply this method to several modeling approachekédime evolution of
photosynthetic bacterial populations. Usual methods irsedcrobiology are con-
trasted with approaches based on differential equatiotts rendom coefficients.
Numerical results based on laboratory data for two diffespecies of bacteria are
presented.
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Elliptic grids with nearly uniform cell area and line spagifvianey Villamizar and
Sebastian Acosta

Abstract.

Two new quasi-linear elliptic systems of partial differ@hequations to automat-
ically generate two-dimensional boundary conformingdtrced grids are formu-
lated. One of the new systems generates grids with neaprami€ell areas. The
other produces meshes with near-uniform coordinate liaeiags. In both cases,
the resulting grids conform to complex boundaries with segingularities without
self-overlapping. In contrast with other elliptic generat the control functions are
held as dependent variables. They obey Poisson-type eqsatiith appropriate
forcing. Grid quality analysis reveals the advantage imteof smoothness and cell
area uniformity of the new grids compared with other streedigrids. An efficient
procedure to combine the novel elliptic grids with algebugids for large domains
is devised.

Key Words.
elliptic grids, control functions, smoothness, complepmetries, nearly uniform
cell area, nearly uniform grid line spacing, mixed grids
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Generating quality structured convex grids on irregulgrals.P. Barrera-&nchez,
F. J. Doninguez-Mota, G. Gotétez-Flores, and J. G. Tinoco-Ruiz

Abstract.

In this paper, we address the problem of generating goodtygaids on very ir-
regular regions, and propose a measure for both the qudlttyeogenerated grids
and the difficulty of the problem, as well as an efficient aityon based on the min-
imization of area functionals to solve it. Using the propgbseeasure, a preliminary
classification of some standard test regions is presented.

Key Words.
numerical grid generation, variational grid generatioeagfunctionals, direct opti-
mization method
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Impact of gravity on thin-layer cell electrochemical deiiosa. E. Mocskos and
G. Marshall

Abstract.

Electrochemical deposition (ECD) in thin cells with diféat orientations relative to
gravity leads to complex stable and unstable physicoctedhjcrodynamic flows.

Here we study the impact of gravity on these flows through artitecal macroscopic
3D model and its numerical simulation. The model describhediffusive, migra-

tory, and convective motion of ions in a fluid subject to arctle field through the

Nernst-Planck, Poisson, and Navier-Stokes equationgecéisely. The equations
are written in terms of dimensionless quantities, in pafég the gravity Grashof
number, revealing the importance of gravitoconvectione fbnlinear system of
partial differential equations is solved on a uniform grging finite differences and
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a strongly implicit iterative scheme. In ECD in a cell in a izontal position, our
model predicts the evolution of two gravity-driven conweetrolls and concentra-
tion shells attached to each electrode. We predict theth,bgrowth, expansion
towards one another, collision, and merger into a singletmat invades the whole
cell. In ECD in a cell in a vertical position, cathode aboved®, our model predicts
that gravity-induced rolls and concentration shells rentacally attached to fingers
that grow downwards; thus, global invasion of the cell byiyainduced rolls is
suppressed, leading to a stable stratified flow. In ECD inlarcalvertical position,
cathode below anode, our model predicts the detachmenliefard concentration
shells from each electrode in the form of plumes that expaenartds one another,
mix, invade the whole cell, and lead to an unstable stratifted For ECD, whether
in horizontal or vertical position, in the presence of grhoywbur model predicts
the existence of an electrically driven vortex ring at thediée tip that interacts
with concentration shells and rolls, leading to complexduédial flows. Such struc-
tures are experimentally observed, suggesting that iospi@t underlying dendrite
growth is remarkably well captured by our model.

Key Words.
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Hybrid compact-WENO scheme for solving relativistic flow&icard Garrido,
Pedro Gonalez-Casanova, and Elvira Torondel

Abstract.

In this paper the method hybrid compact-WENO proposed bX¥YuRen, Miao’er
Liu and Hanxin Zhang has been modified to be used for relétiviisiid dynamics
instead of Euler equations. The behavior of this new fiftleoiconservative hybrid
method is analyzed.

Key Words.
hybrid compact-WENO, compact schemes, relativistic fludaimics, relativistic
flows
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Numerical study of a descending sphere in a low Reynolds eusttongly stratified
fluid. Carlos R. Torres, Dany De Cecchis, GémmlLarrazbal, and Joé Castilla

Abstract.

The flow generated by a sphere descending uniformly in adipstratified diffu-
sive fluid is investigated numerically for different Reydsl(Re) and Froude k)

numbers. The parameters used for the simulations w@ré < Re < 10 and
1072 < F < 102, keeping the Schmidt numbe$c (= 700, typical of sea wa-
ter) fixed. The results demonstrate drag dependence orsitisemd stratification,
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suggesting that changes in these parameters would be tatymmelated to the phe-
nomena of zooplankton vertical movement in the ocean.

Key Words.
stratified fluid, flow past sphere, low Reynolds number, MAGhod, precondition-
ing, Krylov methods
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Chebyshev semi-iteration in preconditioning for problanduding the mass ma-
trix. Andy Wathen and Tyrone Rees

Abstract.

It is widely believed that Krylov subspace iterative methade better than Cheby-
shev semi-iterative methods. When the solution of a lingstesn with a symmetric
and positive definite coefficient matrix is required, the fDgate Gradient method
will compute the optimal approximate solution from the agpiate Krylov sub-
space, that is, it will implicitly compute the optimal polymial. Hence a semi-
iterative method, which requires eigenvalue bounds andpotas an explicit poly-
nomial, must, for just a little less computational work,egan inferior result. In this
manuscript, we identify a specific situation in the conteéxpr@conditioning where
finite element mass matrices arise as certain blocks in edangtrix problem when
the Chebyshev semi-iterative method is the method of cheicee it has proper-
ties which make it superior to the Conjugate Gradient methiodparticular, the
Chebyshev method gives preconditioners which are linearatprs, whereas corre-
sponding use of conjugate gradients would be nonlinear. Méergimerical results
for two example problems, the Stokes problem and a PDE dgmtoblem, where
such nonlinearity causes poor convergence.
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Implicitly preconditioned and globalized residual method solving steady fluid
flows. Jean-Paul Chehab and Marcos Raydan

Abstract.

We develop a derivative-free preconditioned residual webtfor solving nonlin-
ear steady fluid flows. The new scheme is based on a variablécingrecon-
ditioning technique associated with the globalized spéctrsidual method. The
new scheme is robust and allows numerical computation o$tibedy state of the
two-dimensional incompressible Navier-Stokes equatibi®E), which we consider
here in both primary variables and streamfunction-vdstitormulations. The re-
sults are encouraging and agree with those reported intératlire.

Key Words.
nonlinear systems of equations, residual methods, gldiadn strategies, precon-
ditioning, Navier-Stokes equations
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Mimetic schemes on non-uniform structured meshesE. D. Batista and
J. E. Castilla

Abstract.

Mimetic operators are approximations that satisfy digcketrsions of continuum
conservation laws. We propose a technique for construntinggtic divergence and
gradient operators over non-uniform structured meshesdeas the application of
local transformations and the use of a reference set of (@8€). The RSCis nota
mesh, but a set of two uniform elements that are used whilefkeators are being
built. The method has been applied to construct second amthforder gradient and
divergence operators over non-uniform 1D meshes. Our apprieaves invariant
the boundary operator expressions for uniform and nomneemiimeshes, which is a
new result and an advantage of our formulation. Finally, e@tical convergence
analysis is presented by solving a boundary layer like gmblith Robin bound-

ary conditions; this shows that we can obtain the highestroodl accuracy when

implementing adapted meshes.

Key Words.

mimetic schemes, summation-by-part operators, non-tmifoeshes, partial differ-
ential equations, high order, divergence operator, gradiperator, boundary oper-
ator
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Boosting the inverse interpolation problem by a sum of dagagxponentials us-
ing an algebraic approachvarco Paluszny, Miguel Mam—Landrove, Giovanni
Figueroa, and Wuilian Torres

Abstract.

An algebraic method is proposed to solve the inverse intatipa problem for data
fitting by a linear combination of decaying exponentials.eThethod transforms
the interpolation question into a problem of finding the soafta single polynomial.

The method is validated by numerical simulations using élesss synthetic data
with excellent results. The method is applied to medicadaming from magnetic
resonance images of tumoral lesions in brain to obtain atiex rate distribution

functions, with results that are trustworthy and fast whempared with inverse
Laplace methods.

Key Words.
de Prony’s method, continuation methods, Grobner basgmnential equations,
polynomial equations, nonlinear algebraic equations
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On the discrete solution of the generalized Stokes probteomé time-step for two
phase flowWilfredo Angulo and Hilda bpez

Abstract.

In this paper, we demonstrate the existence, uniqueneds,raform stability of
the discrete solution obtained with the nonconforming @eixrRaviartP, finite
element for a generalized Stokes problem of a two-phase filmmé time-step.
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Comparison between different numerical discretizatiamrsaf Darcy-Forchheimer
model.Hilda Lopez, Birgida Molina, and Jog J. Salas

Abstract.

This paper is a numerical study of different discretizagiéor a mixed formulation
of the Darcy-Forchheimer equation. Different finite elemseare used: constant
functions, conformal linear functions and Crouzeix-Raun-conformal finite el-
ements. The behavior of the discretizations is analyzexditittr a comparative study
of some test problems. The numerical results suggest teabbtne proposed dis-
cretizations has better convergence properties for trexitgl
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ements, algorithm of alternating directions
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