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	二、教学目的与要求
	中  文
	本课程由四位教师担任，根据其主要研究方向对当前计算流体力学的最新进展和热点进行计算，整个课程分为四个部分：
（一）课程通过专题形式，对计算流体力学中的一些最新研究进展进行介绍和研讨，内容包括多相流和化学反应流数值模型与计算方法等。具体要求为通过本课程学习，学生对多相流和化学反应流数值模型与计算方法有比较深入地了解，通晓各种方法的优、缺点。
（二）通过对《高等计算流体力学LBM方法简介》的学习，使学生了解计算流体力学LBM方法及其原理，了解该方法优缺点及其在流体力学各个方向的应用。
具体要求：学习了解计算流体力学LBM方法的概念和原理；LBM方法优缺点及其在流体力学各个方向的应用.

（三）通过学习，学生应该掌握稀薄空气动力学的应用范围，所要解决的问题，基本理论，基本方程和求解的基本方法，重点掌握直接模拟Monte Carlo（DSMC）方法。
具体要求：学习了解稀薄空气动力学的基本理论；掌握稀薄空气动力学的基本方程和求解的基本方法，重点掌握直接模拟Monte Carlo（DSMC）方法；
（四）通过学习，学生应该掌握高等计算流体力学基本理论与概念，了解大涡模拟的独特性，熟悉滤波器、亚格子应力模型和求解器在大涡模拟中的作用和形式，明确大涡模拟是从流动物理特性出发进行高效分析的特点。

具体要求：了解计算流体力学首先应分别从物理和离散计算这两个不同的角度分类；

了解三种求解湍流的数值方法的优缺点；明确大涡模拟的基本组成和基本过程


	
	英  文
	The course is consisted of 4 parts. 

1 The course is designed for the graduate students to understand the latest advancement in computiational fluid dynamics with several specific topics, including numerical model and method in multiphase flow and reactive flow.The students should know the advantage and disadvantage of different kinds of numerical models and methods in multiphase flow and reactive flow. 

2 The course of 《Intrudction of Lattice Boltzmann method(LBM) in high Computing Fluid Mechnaics》 is designed for the graduate students to understand the basic theories and concepts of Lattice Boltzmann method(LBM), to understand the advantage and disadvantage of the method to other CFD methods; and to know its applications in each directions in fluid mechanics. The students should: understand the basic theories and concepts of Lattice Boltzmann method(LBM); and understand the advantage and disadvantage of the method to other CFD methods; and to know its applications in each directions in fluid mechanics.

3 The part of the course is designed for the graduate students to master the basic theories, the basic concepts ,the basic equations and the basic solutions of rarefield gasdynamics, one of the key points is to undestand and master the solution roadmap of DSMC.

The students should study and understand the basic theories of rarefiels gasdynamics; and master the the equations and the basic solutions of rarefiels gasdynamics. The key point of the knowledge is to master the DSMC method.
4 The course is designed for the graduate students to understand the basic theories, concepts of large eddy simulation, find out the different characteristics of large eddy simulation to that of direct numerical simualtion and Reynolds averaged Navier-Stokes method.。The students should understand that for turbulence simulation, computation should be catergoried from two different aspect, one is physical characteristics of the turblent flow, well the other is the process of discretizing; and find out the characteristics of each one of the three basic kinds method for turbulent simulation ; and understand fundamental frameworks of large eddy simulation.


	三、先修课程
	无

	四、课程内容简介
	中    文
	本课程内容分为四个部分：（一）以专题形式，对流体力学数值模拟技术最新进展和动态进行介绍与分析，主要包括多相流，化学反应流数值模拟技术的最新进展。（二）计算流体力学LBM方法的基本原理，发展历程和现状；该方法的精度和稳定性，该方法的实施步骤，相对于其它计算流体力学方法的优点和缺点；以及该方法在流体力学各个方向的应用，重点介绍该方法在计算颗粒悬浮流动上的应用。（三）本部分将介绍稀薄空气动力学的基本现象、理论、方程以及求解方法，给出方法的基础并着重介绍直接模拟Monte Carlo(DSMC)方法以及与稀薄气体流动相关的前沿课题，讨论非平衡流动及低速稀薄流动等前沿课题，包括处理内能松弛、化学反应的方法、用于复杂流场通用软件的方法、低速稀薄流动的信息保存（IP）方法等。（四）本课程从湍流数值模拟的基本要求出发，结合湍流流动本身多尺度的特性，在流体力学和数值分析方法的基础上，分析了现行湍流数值模拟三种基本方法的优缺点，得出大涡模拟既可以为理论研究的开展提供大量的数据信息，又能够在一定程度上满足工程应用中高效率计算的要求，是湍流数值模拟的一个重要手段。分析了大涡模拟的基本组成和基本过程，为理论与实践相结合奠定了相应的基础。
 

	
	英    文
	1 The course is prepared to introduce the latest advancement in numerical simulation of fluid mechanics with several specific topics, including the new trends in multi-phase flow and chemical reactive flow simulation.

2 Intrudction of Lattice Boltzmann method(LBM) in high Computing Fluid Mechnaics》incluiding its basic theories, developing course and status quo; the precision and stability of the method, and its actualizing process; the advantage and disadvantage of the method to other CFD methods; and its applications in each directions in fluid mechanics especisally its application in computating the motions of the suspending particles in fluid.

3 The part of the course is prepared to introduce advanced students to the basic phenomenon, the basic theory, the basic equations and the solutions. The most important part of the two lessons is to introduce the DSMC method, and other contents include the methods to compute the internal energy and chemical reaction, the methods to develop the common software and IP methods et.

4 Based on the multi-scale characteristics of turbluent flow, the course is prepared to introduce advanced students to the features of the three basic kinds of numerical simulation method for turbulence. Among them, large eddy simulation, for it can either provide large quantum datas for mechanism research or can be carried out effectively in real engineering, is more important. The graduate students should understand the basic theories, concepts of large eddy simulation


	五、教材或讲义
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七、教学日历（授课内容详细至二级标题，实验课、讨论课写出题目或主题）

	周次
	教学内容（包括课堂讲授、实验、讨论、考试等）
	备注

	1. 
	多相流数值模型与计算方法最新进展介绍与研讨
	

	2. 
	化学反应流数值模型与计算方法最新进展介绍与研讨
	

	3. 
	计算流体力学LBM方法的基本原理，发展历程和现状；该方法的精度和稳定性，该方法的实施步骤，相对于其它计算流体力学方法的优点和缺点；
	

	4. 
	LBM方法在流体力学各个方向的应用，重点介绍该方法在计算颗粒悬浮流动上的应用;结合自己科研内容有关LBM方法的讨论。
	

	5. 
	讲解稀薄气体动力学要解决的问题，基本理论和基本方程，直接模拟Monte Carlo(DSMC)方法的求解思想和过程。
	

	6. 
	讲授、讨论非平衡流动及低速稀薄流动等前沿课题，包括处理内能松弛、化学反应的方法、低速稀薄流动的信息保存（IP）方法等。
	

	7. 
	1．数值模拟分类及作用：1.1 从数值离散角度；1.2 从物理角度；1.3 作用；

2．大涡模拟的基本特征：2.1湍流特征概述；2.2湍流模拟的三种基本方法；2.3湍流大涡模拟的基本特征
	

	8. 
	3．大涡模拟的基本过程：3.1滤波器；3.2亚格子应力模型；3.3求解器

4．大涡模拟存在的一些问题；

5．文献检索探讨。


	


八、其他：（含实验或项目训练内容、案例教学内容、学术讲座内容、读书报告内容等）
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