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Prof. S. H. Frankel

Introduction

Computational Fluid Dynamics or CFD involves numerical integration on a computer of the gov-
erning equations of fluid dynamics and heat transfer, which in general form a non-linear system of
partial differential equations or PDEs. The general procedure involves discretization of the continu-
ous physical domain into a mesh or grid of points and the relevant governing PDEs for the problem
of interest into a system of algebraic equations for the values of the dependent flow variables, sub-
ject to appropriate initial and boundary conditions, on each of discrete grid points in space as a
function of time. There are a wide variety of possible discretization schemes available including
finite-difference, finite-volume, finite-element, and spectral methods, as well as hybrid methods,
each involving a different type of trade-off with regard to various aspects of accuracy and efficiency.
CFD expertise requires knowledge of fundamental fluid dynamics and heat transfer and related
physics, theoretical and applied mathematics and analysis, basic and advanced numerical methods
and scientific computing, programming usually using modern Fortran or C++, including parallel
computing and computer graphics - and you gotta love it! Challenges remain with regard to pro-
viding accurate and efficient algorithms for complex multiphysics flow problems involving turbulent
flows, combustion, multiphase flow, and acoustics, as well as fluid-structure interaction problems,
in complex geometries. The experience and excitement of going from mathematical equations to
beautiful computer graphics of some complex flow solution, and everything in between, is unique
in science and engineering - after all you are simply manipulating a bunch of 0’s and 1’s!!!

Course Description

This course offers an introduction to CFD with an emphasis on finite-difference and, to a lesser
extent finite-volume methods. It is comprehensive in that it begins with classification of PDEs and
basic representations of derivatives via finite-difference approximations and proceeds to consider
discretizations for model PDEs, the Euler equations for inviscid flow, and the incompressible and
compressible Navier-Stokes equations. Both basic and advanced methods, including introductions
to high-order, high-resolution, and advanced upwind schemes, are covered. Challenging computer
projects involving the use of modern Fortran are featured and offer a unique hands-on soup-to-
nuts learning experience for the student. Exposure to various open-source Linux packages used for
scientific computing and technical report writing, e .g. vi, LaTex, octave, ..., as well as to advanced
computer graphics visualization software packages, e. g. gnuplot, xmgrace, Tecplot, ..., is also
featured.

Textbook

R.H. Pletcher, J.C. Tannehil, and D.A. Anderson, Computational Fluid Mechanics and Heat Trans-
fer, 3rd Edition, CRC Press, 2013.
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Course Topics:

Below is an itemized list of the main topics to be covered in this class.

• Introduction to CFD

• Introduction to Modern Fortran

• Classification of PDEs

• Finite-Difference Approximation of Derivatives

• Numerical Methods for Linear Hyperbolic PDEs

• Numerical Methods for Parabolic PDEs

• Numerical Methods for Elliptic PDEs

• Numerical Methods for Nonlinear Hyperbolic PDEs

• Governing Equations of Fluid Dynamics and Heat Transfer

• Numerical Methods for Euler Equations

• Numerical Methods for Compressible Navier-Stokes Equations

• Numerical Methods for Incompressible Navier-Stokes Equations

• Handling Complex Geometries and Introduction to Grid Generation

• Introduction to Open-Source and Commercial CFD Software

• Advanced Topics

Homework, Computer Projects, and Reporting

You will be given reading and homework assignments each week taken from the textbook or outside
sources. After a few weeks into the semester computer projects will be assigned, for the most part
taking the place of homework assignments. Hence, please use the first few weeks to brush up on
or learn modern Fortran programming (suggested references will be mentioned in lecture). Several
of your early homework assignments will involve writing simple programs and graphing the results
to help you prepare for the later computer projects and get used to the computing environment
(discussed below). The computer projects will involve writing your own computer code from scratch.
There are many programs available on the Internet and you may be tempted to try and find one
that matches the requirements of the assignment but please resist the temptation. If you are caught
trying to pass off someone else’s work for your own you will get a grade of zero for that assignment
and your name may be turned over the to Dean of Students for consideration of further punitive
action. That said, web searches to learn more can be a complement to class work and you are
encouraged to discuss the numerical methods and class projects with your fellow students, and of
course with me, to help you clarify the material and complete the assignment - but in the end your
work must be your own! Each project will also involve writing a short technical report describing
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the problem being solved, the numerical method being used, your code, and a presentation and
discussion of your results. Detailed formatting instructions for this will be provided with the first
project.

Computing Environment

It is highly recommended that you develop, test/debug, run, and post-process all your codes/computer
projects using the Unix or Linux environment. Four PCs with the Linux OS (RedHat) installed have
been made available to you. These are located in ME 2036 with machine names steam.ecn.purdue.edu,
wind.ecn.purdue.edu, water.ecn.purdue.edu, air.ecn.purdue.edu. You will be able to ei-
ther sit down in front of these machines (ideal) or logon to these machines remotely through ssh
(see class webpage for a link to information on downloading and installing SecureCRT a free ssh
client available to you via your Career account). A great way to learn Linux and create a very nice
portable work environment is to install Linux on your home computer or laptop as a dual boot.
The easiest way to do this is to use the wubi installer available at http://wubi.sourceforge.net/.
There is very little risk in this but it is all your own.

For those of you who are new to Unix/Linux a nice Unix tutorial can be found at:
http://www.ee.surrey.ac.uk/Teaching/Unix/index.html. I recommend the vi text editor for develop-
ment and a nice tutorial can be found at:
http://heather.cs.ucdavis.edu/ matloff/UnixAndC/Editors/ViIntro.html. I will recommend some ref-
erence books on Linux in class. For much, much more Google is your friend!

Course Grade

Your course grade will be based on your homework, which I will grade, for 50%, an in-class midterm
for 25%, and a final exam (during final exam week) for 25%. A straight curve or better will be
applied to convert your numerical grade to a letter grade.

In Case of Campus Emergency

Please be advised that in case of a campus emergency some unplanned changes could result in this
course.
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