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Course Proposal Submitted to the COS Curriculum Committee

1. COURSE NUMBER AND TITLE:

  CDS 421 ( Introduction to Computational Fluid Dynamics (CFD)

Course Prerequisites:
Numerical Analysis I (MATH 446), proficiency in at least one computer programming language and computer operating system; or permission of instructor.

Catalog Description:
This course covers: the governing equations of fluid dynamics; numerical discretization of the governing equations and popular techniques for solving flow problems; applications of CFD to some classic fluid dynamics problems; setup the CFD simulation using a CFD software package. The students are expected to complete several computer projects, which include writing their own CFD computer program to analyze simple fluid flow problems, as well as setting up the CFD simulation using a CFD software package.

2. COURSE JUSTIFICATION:
Course Objectives:
The primary objective of this course is to introduce the physical and mathematical foundations of computational fluid dynamics and to provide students with a working knowledge of CFD. This course will provide students with: (1) some insight into the power and philosophy of CFD; (2) an understanding of the governing equations of fluid dynamics in forms particularly suitable to CFD; (3) a familiarity with some solution techniques; (4) an introduction of applications of CFD to some classic fluid dynamics problems; and (5) the process of setting up of the CFD simulation using a CFD software package. At the end of the course students will be able to setup the CFD simulation by developing a geometrical model of the flow, applying appropriate boundary conditions, specifying solution parameters, and visualizing the results. They will also have an appreciation for the factors limiting the accuracy of CFD solutions.

Course Necessity:

In many areas of fluid sciences the use of computational fluid dynamics (CFD) has become an essential tool for both fundamental understanding and design of complex engineering systems. This course is intended for seniors and beginning graduate students interested in computer based analysis of engineering problems in fluid mechanics. It serves as an introductory course to CFD for the students who have little or no experience in CFD. This will be the first COS undergraduate-level course that addresses physical and mathematical foundations of computational fluid dynamics and provides students with a working knowledge of CFD.

Course Relationship to Existing Programs:

The proposed course primarily supports the new B.S. degree in Computational and Data Sciences. Some students in Physics, Math, Climate Dynamics, Earth System Science, Information Technology, Electrical and Computer Engineering may also find the course beneficial. 

Course Relationship to Existing Courses:

The proposed course is primarily tailored towards students interested in undertaking research in computational fluid dynamics. It does not overlap with the PHYS 510, Computational Physics I. There are no undergraduate-level CFD courses offered at GMU. This course can also serve as an introductory course to the CSI Ph.D. students who are interested in CFD concentration but have no CFD background. It can better prepare them for the graduate level CFD courses, CSI 721 and CSI 722.

3. APPROVAL HISTORY:

This course was approved by the CDS department as part of its proposed undergraduate degree program.

4. SCHEDULING AND PROPOSED INSTRUCTORS:
Semester of Initial Offering:  Fall 2008.

Proposed Instructors: Chi Yang
5. TENTATIVE SYLLABUS: See attached.

CDS 421

Introduction to Computational Fluid Dynamics (CFD)
Tentative Syllabus

Prerequisites

MATH 446, proficiency in at least one computer programming language and computer operating system; or permission of instructor.

Credits: 3
General Information

· Instructor:
Chi Yang

· Lecture:

· Classroom:


· Office Hour:

· Textbook: 
J. D. Anderson, Computational Fluid Dynamics: The Basics with Applications, McGraw-Hill, 1995.
Course Description

In many areas of fluid sciences the use of computational fluid dynamics (CFD) has become an essential tool for both fundamental understanding and design of complex engineering systems. This course is intended for seniors and beginning graduate students interested in computer based analysis of engineering problems in fluid mechanics. 

The primary objective of this course is to introduce the physical and mathematical foundations of computational fluid dynamics and to provide students with a working knowledge of CFD. The course will cover: the governing equations of fluid dynamics ( their derivation, physical meaning, and most relevant forms; numerical discretization of the governing equations ( including grids with appropriate transformations and popular techniques for solving flow problems; applications of CFD to some classic fluid dynamics problems; setup the CFD simulation using a CFD software package. At the end of the course students will understand the process of developing a geometrical model of the flow, applying appropriate boundary conditions, specifying solution parameters, and visualizing the results. They will also have an appreciation for the factors limiting the accuracy of CFD solutions.

The students are expected to complete several computer projects, which include writing their own CFD computer program to analyze simple fluid flow problems, as well as setting up the CFD simulation using a CFD software package, identifying whether and when a run has converged, identifying the key features of the flow field, and improving the numerical solution through mesh refinement and/or higher order schemes. 

Course Outline

· Basic Thoughts and Equations

· Introduction to the background and the basic concept of the computational fluid dynamics (CFD)

· The governing equations of fluid dynamics: their derivation, a discussion of their physical meaning, and a presentation of the forms particularly suitable to CFD

· Mathematical behavior of partial differential equations: the impact on CFD.

· Basics of the Numerics

· Basic aspects of discretization

· Grids and meshes: with appropriate transformations

· Some simple CFD techniques: a beginning 

· Some Applications

· Numerical Solutions of Quasi-One-Dimensional Nozzle Flows

· Numerical Solution of A Two-Dimensional Supersonic Flow Prandtl-Meyer Expansion Wave

· Incompressible Couette Flow Numerical Solution by Means of an Implicit Method and the Pressure Correction Method

· Incompressible, Inviscid Slow Over a Circular Cylinder Solution by the Technique Relaxation

· Introduction to a CFD software package

· Problem setup

· Grid generation

· Solver

· Flow visualization

References

· K. A. Hoffmann and S. T. Chiang, Computational Fluid Dynamics for Engineers, Vols. 1 and 2, Engineering Education System, 1993.

· J.C. Tannehill, D. A. Anderson and R. H. Pletcher, Computational Fluid Mechanics and Heat Transfer, 2nd Edition, Taylor & Francis, 1997.

· C. Hirsch, Numerical Computation of Internal and External Flows, Vols. 1 and 2, Wiley, 1988.

· Joel H. Ferziger and Milovan Peric, Computational Methods for Fluid Dynamics, 3rd Edition, Springer-Verlag, Berlin, 2001.

Grading

· Homework assignment 

· Term project(s)  

· Final exam  










