	课程大纲

COURSE SYLLABUS

	1.
	课程代码/名称

Course Code/Title
	MAT7042计算流体力学方法
Methods in Computational Fluid Dynamics

	2.
	课程性质

Compulsory/Elective
	选修Elective

	3.
	课程学分/学时
Course Credit/Hours
	 3/48

	4.
	授课语言

Teaching Language
	中文讲授，英文板书
Chinese speaking, English writing


	5.
	授课教师Instructor(s) 
	汤涛教授、Alexander Kurganov教授、张振助理教授
Tao Tang, Professor; Alexander Kurganov, Professor; Zhen Zhang,  Assistant Professor

	6.
	先修要求

Pre-requisites 
	MA201a常微分方程A，MA303偏微分方程，MA305数值分析
MA201a Ordinary Differential Equations A， MA303 Partial Differential Equations, MA305 Numerical Analysis


	7.
	教学目标Course Objectives

	
	掌握计算流体力学方程的基本数值方法并培养编程解决问题的能力
Master the basic numerical methods in computational fluid dynamics, learn to solve problems by programming


	8.
	教学方法Teaching Methods 

	
	专题性质授课，并辅以前沿课题应用

Teaching in topics, and application to cutting edge problems

	9.
	教学内容Course Contents

	
	Section 1
	Week 1: Conservation laws

	
	Section 2
	Week 2: Advection equations and characteristics

	
	Section 3
	Week 3: Finite volume methods and Godunov’s method

	
	Section 4
	Week 4: CFL, Lax-Wendroff, dispersion, dissipation

	
	Section 5
	Week 5: Scalar nonlinear - traffic flow, shocks, Burgers' equations

	
	Section 6
	Week 6: Shocks, Lax-Wendroff theorem

	
	Section 7
	Week 7: Entropy conditions

	
	Section 8
	Week 8: Shallow water, Riemann problem for nonlinear systems

	
	Section 9
	Week 9: ENO, WENO schemes

	
	Section 10
	Week 10: Incompressible Navier-Stokes equations, Projection methods

	
	Section 11
	Week 11: Linear iterative solvers, fast Poisson solvers

	
	Section 12
	Week 12: Free boundary problems, front tracking, boundary integral

	
	Section 13
	Week 13: Free boundary problems, level set, immersed boundary

	
	Section 14
	Week 14: Phase-field method, gradient flow, and convex splitting

	10.
	课程考核Course Assessment

	
	作业（30%）+报告（20%）+期末考试编程（50%）
Assignment (30%) + Presentation (20%) + Final Programming Exam (50%)

	11.
	教材及其它参考资料Textbook and Supplementary Readings

	
	1. A. Chorin and J. Marsden, A Mathematical Introduction to Fluid Mechanics, Springer-Verlag, 2000.

2. G.K. Batchelor, An introduction to Fluid Dynamics, Cambridge University Press, 2000.

3. R. J. LeVeque, Numerical Methods for Conservation Laws, Birkhauser-Verlag, 1990.

4. R. J. LeVeque, Finite Volume Methods for Hyperbolic Problems, Cambridge University Press, 2002.

5. J. W. Thomas, Numerical Partial Differential Equations: Finite Difference Methods, Springer-Verlag, 1995.

6. J. W. Thomas , Numerical Partial Differential Equations: Conservation Laws and Elliptic Equations,  Springer-Verlag, 1999.


