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Course Outline

Catalog Description

Prerequisite: ME 309 and ME 490.  Introduction to the numerical analysis of fluid flows.  Special techniques required for solution of the governing equations for viscous, inviscid and boundary layer flows.  Applications to convective heat and mass transfer.  Turbulence modeling and other submodels for complex engineering applications.

Course and Instructor Information

	Instructor
	
	Larry Caretto

	Office Location
	
	EN 2303

	Phone Number
	
	818.677.6448

	Fax Number
	
	818.677.7062

	Email address
	
	lcaretto@csun.edu

	Class meeting time
	
	Thursday, 7 to 10 pm

	Office hours
	
	MW 3-4 pm; Th 6-7 pm

	Classroom location
	
	Oviatt 1


Expanded Description

The objectives of this course are to introduce students to the basic ideas used in the numerical analysis of problems involving fluid mechanics and heat transfer.  Students who take this course should be able to understand and make better use of commercial fluid dynamics codes.  Some students will also be able to work on graduate projects in this area, which require the development of new codes and/or algorithms.

Computational fluid dynamics has rapidly emerged from an advanced research area in the 1970s to a useful engineering design tool today.  Engineers working in this field uses use commercial or generally distributed codes that were developed by a research facility or a commercial vendor.  Users of these codes must have a significant knowledge of their operation in order to use them effectively.  An understanding of the underlying equations solved and the numerical procedures is an important factor in this effective use.  Students who successfully complete this course should have that basic understanding.

Students taking this course are assumed to have some background in basic numerical analysis and in the differential equations of fluid dynamics.  These topics will be reviewed briefly at the start of the course.  By the end of the course, students should have a better appreciation of the physical and numerical bases for common codes used in computational fluid dynamics.  They should also be able to read the literature in the subject.

Text
John D. Anderson, Computational Fluid Dynamics: The Basics with Applications (sixth edition), McGraw Hill, 1995, ISBN: 0070016852.

 Course Conduct

Active Learning  – Students are expected to read the text or notes before class and be prepared to discuss the material in the text or notes during class.  The use of in-class discussion should enhance student learning as compared to only having lecturing by the instructor.
Course Objectives  – as a result of taking this course, students should:

1. Understand how the basic differential equations of fluid dynamics and convective heat and mass transfer are derived, and recognize that these equations are similar.
2. Understand the overall process by which numerical solutions of differential equations are obtained.

3. Understand the two main processes (finite differences and finite elements) by which differential equations are transformed into algebraic equations.

4. Be able to convert partial differential equations into finite difference relations and determine the order of the truncation error.
5. Be able to account for major concepts, such as stability, in using their own codes or commercial codes in computational fluid dynamics and in the general solution of ordinary and partial differential equations.

6. Understand unique concepts of computational fluid dynamics and be able to apply them to obtain solutions from user-written or commercial codes.
7. Improve.

Grading – Your grade in this course will be based on homework assignments, one midterm, the final exam and a project report.  The project report is discussed in detail below.  The various course requirements will be weighted as follows in computing the final grade:

Homework
15%

Midterm
25%

Project report
25%

Final
35%

The translation of a final numerical score into a letter grade rests solely on the judgment of the instructor.  The following criteria will be used for letter grades.  As indicated below, plus-minus grading will be used in this course.
A:
Student knows almost all of the course material and is able to apply it to new problems similar to those covered in the course.

A-:
Student satisfies one, but not both, of the conditions for an A grade.

B+:
Student understands the fundamental aspects of the course and is able to apply this knowledge to routine uses of computational fluid dynamics.
B-:
Student has learned some course material but is not able to apply all the fundamental points of the course.

C:
Student has failed to demonstrate knowledge of the course material beyond a minimal level.

F:
Student has violated campus guidelines for submitting work that was not done by the student.

Plagiarism vs. Collaboration – Students usually work together on assignments.  This collaboration is helpful and encouraged.  By working together each of you can improve your learning of the subject.  However, there is a difference between working together to learn the material and copying another student’s work and passing it off as your own.  The latter is a violation of academic standards and is improper behavior for students preparing for a professional career in engineering or sciences.  Consequently, each student must submit his or her own work to pass the course.

Identical solutions on quizzes or exams, indicating copying, will result in an F grade in the course for both students involved.  Students who are found cheating by submission of identical assignments or any other observations will be referred to the Office of the Dean of Students for disciplinary action.

Project Report – Each student will select a project from the following list:
1.
Running a commercial code available at the student’s work site.

2.
Running a commercial code at CSUN.

3.
Writing a code to solve a simple CFD problem.

4.
Writing a code to solve the problem discussed in chapter ten of the text by Anderson.

5.
Reviewing a recent journal article on computational fluid dynamics.

6.
Some other project proposed by the student and approved by the instructor.

Students should prepare a one-page project proposal to be submitted on March 7.  The work on the project should be completed by May 9.  Students will present their projects to the class on May 9 and May 16.  A final written report on the project must be submitted on or before the date of the final, May 23.
Make-up Examinations – Students must complete the project and the final examination to pass the course.  There will be no make-up examinations for the midterm.  Students who do not take the midterm will receive a grade for that examination based on their performance on the final.
Late assignments – Late assignments will be assessed a penalty of 10% of the maximum possible grade for each week for fraction of a week that they are late.  If this penalty results in a negative score for the assignment, a grade of zero will be assigned.
Changes –Students are responsible for all changes to this outline announced in class.

Class schedule
The reading assignments in the text by John D. Anderson are shown below as page numbers following the author’s initials, JDA.  Reading assignments in the instructor’s notes are indicated by Notes, followed by the index number of the notes. 
	Date
	Subject Matter
	Reading

	January 31
	Introduction to course.  Basic equations of computational fluid dynamics.
	JDA 1-74
Notes-1

	February 7
	Mathematical classification of basic differential equations for CFD and the impact of the equation forms on the solutions.
	JDA 75-121

	February 14
	Numerical analysis – a review or a very quick introduction.  Basics of numerical analysis.  Applications of finite-difference and finite-element methods to a simple ordinary differential equation.  Error considerations.
	JDA 123-145
Notes-2

	February 21
	Numerical analysis of partial differential equations.  Application to the conduction equation.  Implicit versus explicit methods.
	JDA 145-153
Notes-3

	February 28
	Stability considerations in numerical analysis.  Applications to the derivation of numerical methods for simple convection problems.
	JDA 153-167
Notes-4

	March 7
	Basic approaches to the solution of convection equations.  Lax, Lax-Wendroff, and MacCormack.  Applications to inviscid flows.  (Project proposals due.)
	JDA 216-232

	March 14
	Unusual effects in CFD: dispersion and dissipation.  Two kinds of artificial viscosity.  Review for midterm.
	JDA 232-247
Notes-5

	March 21
	Midterm Exam
	

	March 28
	Spring Break – No Class
	

	April 4
	Introduction to incompressible flows.  Differences in CFD approaches between compressible and incompressible flows.
	JDA 247-264

	April 11
	Modern algorithms for incompressible flows.
	Notes-6

	April 18
	Turbulence modeling.  Other phenomena in engineering applications of CFD.
	Notes-7

	April 25
	Grid generation.
	JDA 168-214

	May 2
	Future trends in CFD.  Application of computer graphics.  Developments in research areas and in commercial codes.
	JDA 479-533

	May 9
	Student presentations
	

	May 16
	Student presentations, review for final.
	

	May 23
	Final Exam  8:00 to 10:00 pm
	


References

Visit the web site http://www.cfd-online.com/ for a comprehensive list of books, journals, commercial codes, and other references for CFD.
Several journals are available online from a CSUN IP address.  For example, you can access the journal, Computers and Fluids, at http://libproxy.csun.edu:2048/login?url=http://www.sciencedirect.com/science/journal/00457930  For other journals, start at the CSUN library site, http://library.csun.edu/cgi/web/geac.html and select the link “Library Electronic Peridoicals [about]”.
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