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1. BFELHK Course Title HEFik /1% Computational Fluid Dynamics
2. BRBLR FIEES AR TRE R Department of Mechanics and Aerospace Engineering
Originating Department
3. RS MAE403
Course Code
4. {45 Credit Value 3
5. R k% & iR Major Elective Courses
Course Type
6. BRI = Fall
Semester
=
, (BRET %3 English
Teaching Language
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: » " wanglp@sustech.edu.cn
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8. Instructor(s), Affiliation& | Dr. Lian-Ping Wang, Chair Professor, Department of Mechanics and Aerospace
Contact Engineering
(For team teaching, please list | wanglp@sustech.edu.cn
all instructors)
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Courses for which this course| 7t NA
is a pre-requisite
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#22 H¥5 Course Objectives

Direct numerical simulations of complex flows are now viewed as a third pillar for scientific discovery, due to high-speed
computers and advanced algorithms. In many fields including multiphase flows, direct numerical simulation provides a
rigorous research tool by solving first-principle governing equations. High-performance fluid-flow simulation is an area of
rapid growth and is interdisciplinary covering physics of fluid flows, algorithms, and parallel implementation, etc. This
course is designed for students to quickly learn and compare various simulation methods and to obtain some hands-on
experience.

WA > R Learning Outcomes

Overview of computational methods for viscous flows including finite difference, finite-volume, finite element, spectral,
and mesoscopic Boltzmann-equation based methods. Treatment of fixed and moving solid-fluid and fluid-fluid
boundaries. Example codes to study physical and numerical issues such as numerical convergence, accuracy, and
stability.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)

Course structure: The course will meet with the usual lecture format. Homework sets will be assigned (approximately
weekly), graded, and returned. During the later part of the course a computer project will be assigned which will be due
at the end of the course. The results will be presented to the class during the final weeks as well as in a final written
report submitted to the instructor. A midterm exam will be given in the 10th week (4/22 — 4/24). There will be no final
exam.

Topics to be covered:

Section 1 Introduction to computational fluid dynamics
(3 credit hours) Introduction to Fortran

Access MAE department cluster

Section 2 Overview of fluid mechanics governing equations and boundary conditions
(3 credit hours) Basic Unix commands and editor

Section 3 Overview of partial differential equations

(3 credit hours) Taylor expansions, truncation error

Demonstration of NCL

Section 4 Finite difference method

(3 credit hours) Finite-Volume method
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Time integration methods

Von-Neumann stability analysis

Section 5

(4 credit hours)

Numerical methods for 1D transient diffusion problem
Time integration methods
Von-Neumann stability analysis

Solving a tridiagonal system of equations

Section 6

(4 credit hours)

Numerical methods for Laplace’s and Poisson equations
Direct methods
Iterative methods

Multigrid method

Section 7

(4 credit hours)

Numerical methods for Burgers’ equation
Upwind scheme and numerical viscosity
The Lax-Wendroff scheme

Flux limiters, ENO, WENO

Section 8

(4 credit hours)

Finite-difference method for 2D Navier-Stokes equations
The staggered grid layout
Boundary conditions

2D cavity flow code

Section 9

(3 credit hours)

Assigning the computer project

Grid generation

Section 10

(2 credit hours)

Midterm exam

Section 11

(3 credit hours)

Immersed boundary method
Regularized Delta function

Direct forcing method

Section 12

(3 credit hours)

Kinetic description of fluid flow: the Boltzmann equation
Hermite expansion

Chapmann-Enskog analysis

Section 13

(3 credit hours)

Introduction to lattice Boltzmann method
Collision models

Standard 2D and 3D lattices

Section 14

(2 credit hours)

First project presentation |

Section 15

Treatment of no-slip boundary conditions in LBM
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(2 credit hours) Example codes of LBM

Section 16 Final Project Presentation Il

(2 credit hours)

bt R B 5% %k Textbook and Supplementary Readings

J.H. Ferziger and M. Peric, Computational Methods for Fluid Dynamics, 3rd edition, Springer, 2002;

R.H. Pletcher, J.C. Tannehill, and D.A. Anderson, Computational Fluid Mechanics and Heat Transfer, 3nd ed., CRC
Press, 2013.
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PR H Projects 10
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This Course has been approved by the following person or committee of authority

NEEMBMR LERAF TR FERS
The commission of teaching instruction in department of mechanics and aerospace

engineering




