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”What we do is develop, implement, analyze, test, and apply new
algorithms that can be used to better solve problems, thus enabling ad-
vances in science and engineering.”

-Max Gunzburger

FOREWORD

This peer-reviewed special issue is dedicated to Professor Max D. Gunzburger
in celebration of his sixtieth birthday and his distinguished career achievements.

Professor Gunzburger is a preeminent computational and applied mathemati-
cian of our times with numerous groundbreaking and seminal works. He is a pi-
oneer, leading researcher and instigator of several important research directions
that include: theory and applications of centroidal Voronoi tessellations, analysis
and computational methods for the control of fluids, mathematical modeling and
numerical studies of superconductivity, and finite element least squares methods,
among many others.

Professor Gunzburger’s research accomplishments are incredibly broad in both
subjects and research methodologies. The topics of his research span a wide spec-
trum of scientific areas including fluid mechanics, superconductivity, elasticity and
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structures, and material science, just to name a few. His research aspects involve
modeling, hard and soft analysis, the design of ingenious, efficient and effective com-
putational schemes, rigorous numerical analysis and error estimations, or whatever
the problem at hand calls for. The attached list of Professor Gunzburger’s publi-
cations speaks vividly of his distinguished research career.

Professor Gunzburger has been an enthusiastic promoter and practitioner of
global computational mathematics, training and collaborating with students and
researchers of different nationalities and of diverse cultural or educational back-
grounds. He has constantly and unselfishly contributed to the global dissemination
of research in computational and applied mathematics, and his outstanding research
leadership and tireless service has positively impacted the worldwide prospering of
research in these areas.

The contributing authors of this special issue consist mostly of Professor Gun-
zburger’s former Ph.D students, postdoctoral fellows, and colleagues who at one
time or another had the opportunity to collaborate with Professor Gunzburger on
various research projects. This collection of research papers is an epitome testi-
mony of Professor Gunzburger’s wide scope of research accomplishment and pro-
found influence in the international research community on numerical analysis and
on scientific and engineering modeling.

No doubt that great thoughts and ideas will continue to stream out of Professor
Gunzburger’s beautiful mind, bringing his already distinguished career to an even
higher plateau.

I would like to thank Professor Yanping Lin, the Editor-in-Chief of this journal,
for his support and painstaking effort in the publication of this special issue. I also
would like to thank all contributing authors and referees for their contributions and
assistance.

Steve Hou
Iowa State University
Ames, Iowa



iii

PUBLICATIONS OF MAX GUNZBURGER

Books

Finite Element Methods for Viscous Incompressible Flows: A Guide to Theory,
Practice and Algorithms, Academic, Boston, 1989.

Incompressible Computational Fluid Dynamics: Trends and Advances, Cam-
bridge, Cambridge, 1993; edited with R. Nicolaides.

Optimal Control and Design, Birkhaüser, Boston, 1995; edited with J. Borggaard,
J. Burkardt, and J. Peterson.

Flow Control, Springer, New York, 1995; edited.
Perspectives in Flow Control and Optimization, SIAM, Philadelphia, 2003.

Journal, book chapters, and selected proceedings articles

Diffraction of shock waves by a moving thin wing; J. Fluid Mech 42, 1970, 585-
608; with L. Ting.

Motion of decaying vortex rings with non-similar vorticity distributions; J. En-
gng. Math. 6, 1972, 53-61.

Antisymmetric problems in shock diffraction theory; Z. Angew. Math. Phys.
24, 1973, 83-104; with V. Yang.

Long time behavior of a decaying vortex; Z. Angew. Math. Mech. 53, 1973,
751-760.

Mathematical formulation for the propagation of sound through a turbulent jet;
J. Engng. Math. 10, 1976, 219-230; with C. Liu, L. Maestrello and L.Ting.

Simulation by vortex rings of the unsteady pressure field near a jet; Progress in
Astronautics and Aeronautics 43, AIAA and MIT, 1976, 47-64; with C.
Liu and L. Maestrello.

Frequency modulation at a moving material interface and a conservation law for
wave number; J. Sound Vibration 48, 1976, 169-178; with G. Kleinstein.

On the mathematical conditions for the existence of periodic fluctuations in
nonuniform media; J. Sound Vibration 48, 1976, 345-357; with G. Klein-
stein.

Downstream boundary conditions for viscous flow problems; Comput. Math.
Appl. 3, 1977, 53-63; with G. Fix.

On the stability of Galerkin methods for initial-boundary value problems for
hyperbolic systems; Math. Comp. 31, 1977, 661-675.

Application of the wavenumber jump condition to the normal and oblique inter-
action of a plane acoustic wave and a plane shock; J. Sound Vibration 53,
1977, 417-433; with G. Kleinstein.

On the matrix equations AH + HA* = A*H + HA = I; Linear Algebra Appl.
17, 1977, 277-282; with D. Gottlieb.

On least squares approximations to indefinite problems of the mixed type; In-
ternat. J. Numer. Methods Engng. 12, 1978, 453-469; with G. Fix.

On the periodicity of ion-acoustic waves in an inhomogeneous plasma; J. Plasma
Phys. 20, 1978, 345-350.

Energy conserving norms for the solution of hyperbolic systems of partial differ-
ential equations; Math. Comp. 33, 1979, 1-10; with R. Plemmons.

Simulation of the pressure field near a jet by randomly distributed vortex rings;
AIAA J. 17, 1979, 553-557; with Y. Fung and C. Liu.
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Theory and application of mixed finite element methods; Constructive Approaches
to Mathematical Models, Academic, 1979, 375-393; with G. Fix and R.
Nicolaides.

On finite element methods of the least squares type; Comput. Math. Appl. 5,
1979, 87-98; with G. Fix and R. Nicolaides.

On mixed finite element methods for a class of nonlinear boundary value prob-
lems; Computational Methods in Nonlinear Mechanics, North-Holland,
1980, 245-260; with G. Fix and R. Nicolaides.

On numerical methods for acoustics problems; Comput. Math. Appl. 6, 1980,
265-278; with G. Fix.

On mixed finite element methods for first order elliptic systems; Numer. Math.
37, 1981, 29-48; with G. Fix and R. Nicolaides.

Mixed finite element methods for acoustics and flow problems; Proc. AIAA 5-th
Computational Fluid Dynamics Conference AIAA CP814, AIAA, 1981,
265-271; with G. Fix, R. Nicolaides and J. Peterson.

Boundary conditions for the numerical solution of elliptic equations in exterior
regions; SIAM J. Appl. Math. 42, 1982, 430-451; with A. Bayliss and E.
Turkel.

On conforming finite element methods for incompressible viscous flow problems;
Comput. Math. Appl. 8, 1982, 167-179; with R. Nicolaides and J. Peter-
son.

Stability of Gaussian elimination without pivoting on tridiagonal Toeplitz ma-
trices; Linear Algebra Appl. 45, 1982, 21-28; with R. Nicolaides.

On the numerical boundary treatment of hyperbolic systems for finite difference
and finite element methods; SIAM J. Numer. Anal. 19, 1982, 671-682;
with D. Gottlieb and E. Turkel.

A finite element method for the Onsager pancake equation; Comput. Methods
Appl. Mech. Engng. 31, 1982, 43-59; with H. Wood.

New results in the finite element solution of steady viscous flows; The Mathemat-
ics of Finite Elements and its Applications IV, Academic, 1982, 463-470;
with R. Nicolaides.

A finite element method for diffusion dominated unsteady viscous flows; Comput.
Methods Appl. Mech. Engng. 39, 1983, 55-67; with C. Liu and R.
Nicolaides.

New discretization and solution techniques for incompressible viscous flow prob-
lems; Proc. AIAA 6-th Computational Fluid Dynamics Conference AIAA
CP834, AIAA, 1983, 665-671; with C. Liu and R. Nicolaides.

A least squares finite element scheme for transonic flow around harmonically
oscillating airfoils; J. Comp. Phys. 51, 1983, 387-403; with C. Cox and
G. Fix.

On finite element approximations of problems having inhomogeneous essential
boundary conditions; Comput. Math. Appl. 9, 1983, 687-700; with G.
Fix and J. Peterson.

On conforming finite element methods for the inhomogeneous stationary Navier-
Stokes equations; Numer. Math. 42, 1983, 173-194; with J. Peterson.

A numerical study of the effects of curvature on the fluid dynamics of gas cen-
trifuges; Proc. 5-th Workshop on Gases in Strong Rotation, U. of Virginia,
1983, 745-800; with J. Jordan and H. Wood.
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Finite element algorithms for incompressible viscous flows; Proc. 1983 NASA
Theoretical Aerodynamics Contractors’ Workshop, NASA Langley Research
Center, 1983, 317-328; with C. Liu and R. Nicolaides.

On the approximation of the exterior Stokes problem in three dimensions; Proc.
5-th International Symposium on Finite Elements and Flow Problems; U.
of Texas at Austin, 1984, 149-154; with G. Guirguis.

Mixed finite element approximations for the biharmonic equation; Proc. 5-th
International Symposium on Finite Elements and Flow Problems, U. of
Texas at Austin, 1984, 281-286; with G. Fix, R. Nicolaides and J. Peterson.

A finite element method for gas centrifuge problems; SIAM J. Sci. Stat. Comput.
5, 1984, 78-94; with J. Jordan and H. Wood.

The effects of curvature on the flow field in rapidly rotating gas centrifuges; J.
Fluid Mech. 140, 1984, 373-395; with J. Jordan and H. Wood.

On the finite element approximation of the streamfunction-vorticity equations;
Advances in Computer Methods for Partial Differential Equations V, IMACS,
1984, 47-56; with J. Peterson.

Issues in the implementation of substructuring algorithms for the Navier-Stokes
equations; Advances in Computer Methods for Partial Differential Equa-
tions V, IMACS, 1984, 57-63; with R. Nicolaides.

Some aspects of finite element approximations of incompressible viscous flows;
Computational Methods in Viscous Flows, Pineridge, 1984, 173-189; with
R. Nicolaides.

Elimination with noninvertible pivots; Linear Algebra Appl. 64, 1985, 183-189;
with R. Nicolaides.

Algorithmic and theoretical results on computation of incompressible viscous
flows by finite element methods; Comput. Fluids 13, 1985, 361-373; with
C. Liu and R. Nicolaides.

Normal modes of orthotropic plates; Proc. 12-th International Congress on
Acoustics, IUPAP, 1986, K3-3; with A. Meir and R. Schumacher.

On substructuring algorithms and solution techniques for the numerical approx-
imation of partial differential equations; Appl. Numer. Methods 2, 1986,
243-256; with R. Nicolaides.

A two time scale analysis of gyroscopic motion with friction; Z. Angew. Math.
Phys. 37, 1986, 867-894; with H. Simpson.

A non-standard finite element method of higher accuracy for hyperbolic systems
in several space variables; Advances in Computer Methods for Partial Dif-
ferential Equations VI, IMACS, 1987, 92-97; with Q. Du and W. Layton.

Error estimates and implementation issues for artificial boundary condition meth-
ods for exterior problems; Advances in Computer Methods for Partial Dif-
ferential Equations VI, IMACS, 1987, 338-345; with G. Guirguis.

Finite element methods for a Ladyzhenskaya model of incompressible viscous
flow; Numerical Methods in Laminar and Turbulent Flow V, Pineridge,
1987, 161-169; with Q. Du.

Finite element methods for vorticity formulations of incompressible viscous flows;
Numerical Methods in Laminar and Turbulent Flow V, Pineridge, 1987,
170-181; with J. Peterson.

A finite element method for first order elliptic systems in three dimensions;
Applied Math. Comput. 23, 1987, 171-184; with C. Chang.

On the approximation of the exterior Stokes problem in three dimensions; Math.
Model. Numer. Anal. 21, 1987, 445-464; with G. Guirguis.
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Analysis of geometric effects on rotating compressible flows; Proc. of the Work-
shop on Separation Phenomena in Liquids and Gases, Technische Hochschule
Darmstadt, Darmstadt, 1987, 602-642; with R. Wayland and H. Wood.

Finite element methods for the streamfunction-vorticity equations: boundary
condition treatments and multiply connected domains; SIAM J. Scient.
Stat. Comput. 9, 1988, 650-668; with J. Peterson.

A low dispersion, high accuracy finite element method for first order hyperbolic
systems in several space variables; Comput. Math. Appl. 15, 1988, 447-
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Math. Appl. 15, 1988, 945-951; with J. Turner.

Mathematical aspects of finite element methods for incompressible viscous flows;
Finite Elements: Theory and Practice, Springer, 1988, 124-150.

On finite element approximations of the streamfunction-vorticity and velocity-
vorticity equations; Intern. J. Numer. Meth. Fluids 8, 1988, 1229-1240;
with J. Peterson.

Numerical approximation of an optimal control problem associated with the
Navier-Stokes equations; Appl. Math. Let. 2, 1989, 29-31; with L. Hou
and T. Svobodny.

Iterative penalty methods for the Stokes and Navier-Stokes equations; Finite El-
ement Analysis in Fluids, University of Alabama, Huntsville, 1989, 1040-
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An algorithm for the boundary control of the wave equation; Appl. Math. Let.
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A subdomain Galerkin/least squares method for first order elliptic systems in
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Optimal boundary control of nonsteady incompressible flow with an application
to viscous drag reduction; Proc. 29th IEEE Conf. Decision and Control,
IEEE, 1990, 377-378; with L. Hou and T. Svobodny.

A numerical method for drag minimization via the suction and injection of mass
through the boundary; Stabilization of Flexible Structures, Springer, 1990,
312-321; with L. Hou and T. Svobodny.

Finite element approximations of an optimal control problem associated with
the scalar Ginzburg-Landau equation; Comput. Math. Appl. 21, 1991,
123-131; with L. Hou and T. Svobodny.

Analysis of a Ladyzhenskaya model for incompressible viscous flow; J. Math.
Anal. Appl. 155, 1991, 21-45; with Q. Du.

Analysis, approximation, and computation of control problems for incompressibe
flows; Turbulence Structure and Control, Ohio State, 1991, 85-88.

On the existence, uniqueness, and finite element approximation of solutions of
the equations of stationary, incompressible magnetohydrodynamics; Math.
Comp. 56, 1991, 523-563; with A. Meir and J. Peterson.
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Control of temperature distributions along boundaries of engine components;
Numerical Methods in Laminar and Turbulent Flow VII, Pineridge, 1991,
765-773; with L. Hou and T. Svobodny.

Vorticity constraints in velocity-vorticity formulations of steady, viscous, incom-
pressible flow; Numerical Methods in Laminar and Turbulent Flow VII,
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4th International Symposium on Computational Fluid Dynamics, U. Cal-
ifornia, Davis, 1991, 455-460; with L. Hou and T. Svobodny.
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stationary Navier-Stokes equations with distributed and Neumann con-
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Analysis and finite element approximations of optimal control problems for the
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Numerical solution of the boundary layer equations using the finite element
method; Advances in Finite Element Analysis in Fluid Mechanics FED-
123, ASME, 1991, 29-38; with E. Hytopoulos and J. Schetz.

Boundary velocity control of incompressible flow with an application to viscous
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