
ME 697F - Spring 2010
Galerkin Methods for Fluid Dynamics

Basics

Instructor: Prof. Steven H. Frankel

Lecture: Chaffee Hall Auditorium, Tu/Th 1:30-2:45PM

Office: ME 165, Chaffe 125

Phone: 765-494-1507 (both offices); 765-404-6067 (cell)

Hours: Tu/Th, 9-5PM, except for class

Course website: https://engineering.purdue.edu/ME697F/

Instructors website: https://engineering.purdue.edu/CFDLAB/

Introduction

The finite element method (FEM) is a general technique for solving differential and integral equa-
tions in science and engineering. It was first introduced in the 1950’s and 1960’s for solving partial
differential equations (PDEs) in structural engineering and has evolved into a general purpose tech-
nique for solving PDEs in fluid flows, nuclear engineering, electro-magentism, wave-propagation and
scattering, heat transfer, etc. Part of the beauty and challenge of FEM is its strong mathematical
basis in real and function analysis. Achieving the proper balance between mathematical theory
and practical implementation is just one of the difficulties in teaching a course like this to scientists
and engineers with limited mathematical background (this includes that of the instructor as well).
FEM is under continual development with related material associated with other Galerkin tech-
niques such as spectral methods, discontinuous Galerkin methods, multiscale FEM, extended FEM
(XFEM), stochastic FEM, etc. The goal of this class is to provide sufficient background, exposure,
and experience to the mathematics and basics of FEM to allow one to conduct research in the field
by either writing or running existing codes and reading the rapidly growing body of literature. The
application goal here is incompressible fluid dynamics but the FEM development for model PDEs
has broad applications in science and engineering.

Course Description

This course offers an introduction to Galerkin numerical methods for fluid dynamics. A background
in numerical methods (ME581 or equivalent) or computational fluid dynamics (CFD) (ME614 or
equivalent) is required. The focus will be learning the basics of the finite-element method (FEM)
and applying it to model transport equations and the incompressible Navier-Stokes equations.
Through a series of homework and computer projects students will get to write and run computer
programs implementing FEM for the various applications. Both open source (www.freefem.org) and
commercial FEM packages (AcuSolveTM (www.acusim.com) will be made available to students to
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run real flow problems from early on in the semester even before learning all the methods. In
addition the course textbook comes with a suite of MATLAB codes, called IFISS, for hands-on
practice of the methods described in the book. Students will also write their own FEM codes or
modify existing codes in Fortran90 for model 1D and 2D problems culminating in a final course
programming project. Several guest speakers will be sought to lecture on software, the FEM
method, and other related topics.

Textbook

“Finite Elements and Fast Iterative Solvers with Application to Incompressible Fluid Dynamics”,
Howard Elman, David Silvester, and Andy Wathen, Oxford University Press, 2005.

References

• Finite Element Methods for Flow Problems by Jean Donea and Antonio Huerta, Wiley, 2003.

• Theory and Practice of Finite Elements by Ern and Guermond, Springer, 2004.

• The Mathematical Theory of Finite Element Methods by Brenner and Scott, Springer, 2002.

• Introductory Functional Analysis with Applications to Boundary Value Problems and Finite
Elements by Reddy, Spring, 1997.

• Introductory Functional Analysis with Applications by Kreyszig, Wiley, 1999.

• Applied Functional Analysis by Griffel, Dover, 1985.

• Incompressible Flow and the Finite Element Method Vols. 1 and 2 by Gresho and Sani, Wiley,
1998.

• Numerical Solution of Partial Differential Equations by the Finite Element Method by John-
son, Dover, 2009.

• The Finite Element Method for Fluid Dynamics by Zienkiewicz et al., 6th edition, Elsevier,
2005.

• The Finite Element Method: Linear Static and Dynamic Finite Element Analysis by Hughes,
Dover, 2000.

• High-order Methods for Incompressible Fluid Flow by Deville, Fischer, and Mund, Cambridge,
2002.

• Spectral/hp Element Methods for Computational Fluid Dynamics by Karniadakis and Sher-
win, Oxford, 2005.

• Nodal Discontinuous Galerkin Methods by Hesthaven and Warburton, Springer 2008.

• Understanding and Implementing the Finite Element Method by Gockenbach, SIAM 2006.

• Introduction to the Numerical Analysis of Incompressible Viscous Flow by Layton, SIAM,
2008.
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• http://en.wikipedia.org/wiki/Finite_element_method

Course Topics:

Below is an itemized list of the main topics to be covered in this class with an estimate of the
number of class periods following in parentheses.

• Introduction (Chapter 0)

• Basics of FEM (FEM Primer)

• Elements of real and functional analysis (in-class notes)

• Finite element method for Poisson equation and discrete solution methods (Ch. 5 in CE;
Chs. 1-2)

• Convection-diffusion equation and discrete solution methods (Chs. 3-4)

• Stokes equation and discrete solution methods (Chs. 5-6)

• Navier-Stokes equations and discrete solution methods (Chs. 7-8)

• Mathematics of Large Eddy Simulation of turbulent flows (in-class notes)

• Introduction to discontinuous Galerkin, spectral, spectral-element, etc. methods (through
projects)

Lecture Material

Below is a chronological list of the main reference material (readings) for the lectures. We will not
cover all of this material especially in Chapters 2, 4, 6, 8. All readings are from the Elman et al.
textbook unless otherwise noted.

• FEM primer (notes on website)

• Chapter 0

• Chapter 5 in Computational Engineering by Schafer (available e-library)

• Chapter 1

• Chapter 2

• Chapter 3

• Chapter 4

• Chapter 5

• Chapter 6

3



• Chapter 7

• Chapter 8

Homework, Computer Projects, and Reporting

You will be given reading and homework (5-7) assignments every few lectures taken from the
textbook or outside sources. Computer programming will form the bulk of the assignments culmi-
nating in a final project and presentation. The homework will be 60% of your grade and the final
project will be 40% of your grade. Possible project topics include: spectral-element methods, dis-
continuous Galerkin methods, stochastic finite-element methods, three-dimensional finite-element
methods, high-order finite-element methods, etc.

Computing Environment

Linux will be the computing environment and either Fortran90 or C/C++ the computing language.
Desktop Linux machines will be available to students with course software loaded, as well as options
for home installation of Linux of dual-boot options.

Course Grade

Your grade will be based on homework and computer projects (60%) and a final project with
presentation (40%). A straight curve or better will be applied to convert your numerical grade to
a letter grade.

Special Message

In the event of a major campus emergency, course requirements, deadlines and grading percentages
are subject to changes that may be necessitated by a revised semester calendar or other circum-
stances. In order to get information about changes in this course please check the course website
and your email inbox in case of an emergency. You can also contact me via my cell phone number
at any time to talk to me directly.
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