《流体力学模拟与实验》教学大纲
Syllabus of Fluid Mechanics Numerical Simulations and Experiments
	课程基本信息
Course Information

	课程名称
Course Name
	流体力学模拟与实验

	
	Fluid Mechanics Numerical Simulations and Experiments

	开课院部
School
	石油工程
	院部代码
School Code
	02

	负责人
Leader
	倪玲英
	课程团队
Team Members
	流体力学课题组

	课程编码
Course Code
	[bookmark: _GoBack]02217
	学分
Credits
	2

	课内学时
Course Hours
	32
	理论学时
Lecture Hours
	10
	实验学时
Experiment Hours
	4

	
	
	上机学时
Programming Hours
	18
	实践学时
Practice Hours
	0

	课外学时
Home Hours
	0

	适用专业
Audience
	海洋油气工程、石油工程、船舶与海洋工程

	授课语言
Language of Instruction
	中文

	先修课程
Prerequisite
	流体力学

	课程简介
Course Description
	《流体力学模拟与实验》是石油工程、海洋石油工程、船舶与海洋工程专业的一门专业基础拓展课程。它的主要任务是通过理论教学、上机模拟与实验等教学环节，使学生掌握流体运动的规律都是以质量守恒定律、动量守恒定律和能量守恒定律为基础的，掌握相关的方程，如连续方程、N-S方程等基本方程，同时理解湍流模型基本理论、边界层基础、数值模拟的离散方法和分类，熟悉工程常用模拟软件Fluent和Gambit的结构与功能，学习应用软件，并通过实验来验证软件模拟的计算结果，旨在提高学生将流体力学理论应用于流动现象模拟的能力，以及分析和解决流动模拟和实验问题的能力，为以后学习专业拓展，从事专业技术工作和科研打下必要的流体力学模拟基础。

	
	Fluid Mechanics Numerical Simulations and Experiments is a subject which expands the professional courses for the majors of Petroleum Engineering, offshore oil engineering, ship and marine engineering. The main aim of the subject is to enable students to master the laws of fluid motion based on the law of conservation of mass, momentum and energy conservation law，to grasp the relevant equations, such as the basic equations of continuity equation, N-S equation, and understand the discrete method and classification, the basic boundary layer theory, turbulence model foundation. All will  help students master the basic theory on computational fluid mechanics and usage of common CFD software, familiar with the common structure and function of software Fluent and Gambit, learning software, and to verify the calculation results of software simulation experiments, aiming at improving students' ability to apply fluid mechanics theory to simulate flow phenomena, and the ability to analyze and solve the flow simulation and the problem for the future learning, professional development, professional technical work and research to lay the necessary foundation of fluid mechanics simulation.



	课程教学大纲
Course Syllabus

	课程目标
Learning Outcomes
	课程目标
	毕业要求指标点

	
	目标1：了解并认识任何流体运动的规律都是以质量守恒定律、动量守恒定律和能量守恒定律为基础的。这些基本定律可由物理方程组来描述、如连续方程、N-S方程等。熟悉这些方程。
	1.1

	
	目标2：了解计算流体力学的基本概念和数值计算方法，通过计算机求解这些控制流体流动的物理方程，进而研究流体的运动规律。
	5.2，6.3

	
	目标3：通过课程上机的实践，培育动手模拟流体流动问题的能力和分析解决流动问题的能力
	3.4，4.2，5.1

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: Understand the relationship between engineering and fluid mechanics.
	1.1

	
	Outcome 2: To understand the basic concepts of computational fluid dynamics and numerical methods, through the computer to solve the physical equations of fluid flow control, and then study the laws of fluid movement.
	5.2，6.3

	
	Outcome 3: Cultivate the ability to simulate the fluid flow and the ability to analyze and solve the flow problem through the practice of the course,
	3.4，4.2，5.1

	教学内容
Topics
	（一）理论教学                                             10学时
第一章　绪论                                               1学时
1. 计算流体力学概述
2. 计算流体力学的发展与应用
第二章 流体力学与计算流体力学基础                           9学时
本章重点难点：湍流模型理论与应用范围
1. 流体动力学基本方程                                       2学时
连续方程，动量方程，能量方程。
2. 湍流模型理论                                             2学时
主要讲解零方程，一方程，两方程湍流模型与应用范围。
3. 边界层基础                                               2学时
边界层定义与特性，边界层方程简介，平板边界层近似计算， 边界层分离。 
4. 数值模拟的离散方法和分类                                3学时
有限差分，有限元，有限体积法。 
（二）上机部分                                              18学时                                                                       
2.1. Gambit 的使用与入门实例                                  2学时
熟悉Gambit的结构与功能，几何建模练习。
2.2. Gambit 的网格绘制，边界条件定义等                        2学时
2.3.圆管层流上机练习                                          2学时
以圆管层流实例，说明Fluent计算步骤与计算结果后处理方法。数值解与解析解对比结果。
2.4. 二维有障碍通道内的流动上机练习                           2学时
进一步掌握软件的操作与边界条件设置方法；通过计算了解障碍通道内流体运动特性；
2.5. 三维圆管的紊流流动上机练习                               2学时
学习紊流的计算、分析紊流结果与理论结果的对比、学创立新的平面，显示流动、古钱币法高质量网格划分方法
2.6. 三维环空流动的数值模拟练习                               2学时
本实验模拟环空内的牛顿流体和非牛顿流体的流动，旨在学习非牛顿流体模拟的设置，辅助线法构建网格和移动（旋转）壁面条件的应用。
2.7.冷热水混合器内的三维流动与换热上机练习                    2学时
给定几何模型尺寸，上机完成冷热水混合器建模与网格划分，完成混合器流动与换热结合计算，并根据模拟结果完成对流动进行强化换热的设计与计算。
2.8.多相流模型与模拟应用：船舶行驶阻力特性                     2学时
了解多相流VOF模型，上机完成模型建模与网格划分，完成船舶流动计算，并根据模拟结果完成对流动优化减阻的计算。
2.9. 油水两相流弯管流动模拟-混合物模型                        2学时
上机完成某输油管道工程90°水平弯管道内油水两相流动，研究流体流经弯管过程中的流场变化，分析水平弯管内油水两相流的速度、压力分布等流动特性.


	
	(1) Theoratical Teaching
Chapter 1 Introduction
1. Overview of Computational Fluid Dynamics
2. Development and Application of Computational Fluid Dynamics

Chapter 2 Basis of Fluid Mechanics and Computational Fluid Dynamics
Key points: Theory of turbulent models and its applications
1. Basic Equations of Fluid Dynamics
Continuity equation, momentum equation, energy equation
2. Theory of Turbulent Models
Turbulent models (zero-equation, one-equation and two equation) and their applications
3. Basis of Boundary Layer
Concepts and features of boundary layer, boundary layer equation, approximate calculation of plate boundary layer, separation of boundary layer
4. Discrete Methods and Category of Numerical Simulation
Finite difference method, finite element method and finite volume method

II. Computer Practice										                                                                         
2.1 Utilization of Gambit and entry-level example
Structure and functions of Gambit, practice on geometrical modeling.
2.2 Gambit meshing, definition of boundary condition, etc.
2.3 Computer practice on laminar flow in circular pipe
Based on laminar flow in circular pipe, explain the calculation steps in Fluent and its data analysis. Comparison of numerical solution and analytical solution.
2.4 Computer practice on flow in 2D channel with obstacle
Grasp the software operation and setting of boundary conditions, understand the features of flow in channel with obstacle via the computation.
2.5 Computer practice on turbulent flow in 3D circular pipe
Study turbulence calculation, analyze the comparison of turbulent computational result and theoretical result, build up new plane, show flow, ancient coin method of high quality meshing.
2.6 Numerical simulation practice on 3D annulus flow
This experiment simulates the annulus flow of Newtonian and non-Newtonian fluid, in order to show the simulation settings for non-Newtonian fluid, grid construction using auxiliary line and application of slip (rotate) wall condition.
2.7 Computer practice of 3D flow and heat transfer in a hot and cold water mixer
With given geometrical dimensions of the model, complete the modeling and meshing of the mixer, achieve the calculation on flow and heat transfer in the mixer, and accomplish the design and calculation on flow-enhanced heat transfer based on the simulation result.
2.8 Multiphase flow model and its application: features of resistance for a traveling ship
Realize the multiphase flow VOF model, complete the modeling and meshing, achieve the calculation on ship traveling, and accomplish the calculation on optimized resistance reduction based on the simulation result.
2.9 Non-aqueous and aqueous phase flow in elbow – mixture model
Complete the modeling of nonaqueous and aqueous phase flow in a 90° elbow for a petroleum pipeline, study the change of velocity field in the elbow, analyze the flow characteristics, such as velocity, pressure distribution, etc., for nonaqueous and aqueous phase flow in a horizontal elbow.

	
教学进度及要求
Class Schedule & Requirements
	内容
	课内
学时
	教学方式
	课外
学时
	课外环节
	课程目标

	
	1.1
	2
	讲授

	0
	
	目标1

	
	1.2
	2
	讲授

	0
	
	目标2

	
	实验1
	2
	实验
	0
	撰写
实验报告
	目标3

	
	实验2
	2
	实验
	0
	撰写
实验报告
	目标3

	
	1.3
	2
	讲授

	
	
	目标2

	
	1.4
	2
	讲授

	
	
	目标2

	
	1.5
	2
	讲授

	
	大作业
	目标2

	
	2.1
	2
	上机
	0
	
	目标3

	
	2.2
	2
	上机
	0
	
	目标3

	
	2.3
	2
	上机
	0
	
	目标3

	
	2.4
	2
	上机
	0
	
	目标3

	
	2.5
	2
	上机
	0
	
	目标3

	
	2.6
	2
	上机
	0
	
	目标3

	
	2.7
	2
	上机
	0
	
	目标3

	
	2.8
	2
	上机
	0
	
	目标3

	
	2.9
	2
	上机
	0
	
	目标3

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1.1
	2
	teaching

	0
	
	Outcome1

	
	1.2
	2
	teaching

	0
	
	Outcome2

	
	exp1
	2
	experiment
	0
	Experiment report
	Outcome3

	
	exp2
	2
	experiment
	0
	Experiment report
	Outcome3

	
	1.3
	2
	teaching

	
	
	Outcome3

	
	1.4
	2
	teaching

	
	
	Outcome3

	
	1.5
	2
	teaching

	2
	homework
	Outcome2

	
	2.1
	2
	computer
	0
	
	Outcome3

	
	2.2
	2
	computer
	0
	
	Outcome3

	
	2.3
	2
	computer
	0
	
	Outcome3

	
	2.4
	2
	computer
	0
	
	Outcome3

	
	2.5
	2
	computer
	0
	
	Outcome3

	
	2.6
	2
	computer
	0
	
	Outcome3

	
	2.7
	2
	computer
	0
	
	Outcome3

	
	2.8
	2
	computer
	0
	
	Outcome3

	
	2.9
	2
	computer
	0
	
	Outcome3

	考核方式
Grading
	评价环节
	比例

	
	大作业
	10%

	
	上机报告
	75%

	
	实验
	10%

	
	出勤
	5%

	
	Evaluation
	Percentage

	
	homework
	10%

	
	Computer reports
	75%

	
	experiments
	10%

	
	rollcall
	5%

	教材及参考资料
Textbooks & Other Materials
	教材及主要参考资料：
1． 倪玲英主编，《工程流体力学》，石油工业出版社，2012.7;
2． 朱红钧等编，《FLUENT流体分析及仿真实用教程》，人民邮电出版社，2010.4;
3． 韩占忠编，《FLUENT：流体工程仿真计算实例与分析》，北京理工大学出版社，2009.8 ;

4． 王瑞金编，《FLUENT技术基础与应用实例》，清华大学出版社，2007.2。

	
	Textbooks and reference materials:
1 Ni Lingying, engineering fluid mechanics, petroleum industry press, 2012.7;
2 Zhu Hongjun and so on, "FLUENT fluid analysis and simulation practical guide", the people's Posts and Telecommunications Press, 2010.4;
3 Han Zhanzhong "FLUENT: fluid engineering simulation examples and analysis", Beijing Institute of Technology press, 2009.8;
4 Wang Ruijin, "FLUENT technology foundation and application example", Tsinghua University press, 2007.2.

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	谢翠丽 
	审核人(系/教研室主任)
Approved by
	


注：
1. 表格中红色为示例，绿色为说明。
2. 考核方式包括作业（Assignment）、实验（Experiment）、平时表现（Attendance and Performance）、期中考试（Midterm Exam）、期末考试（Final Exam）等。
3. 院部代码：地学院01，石工学院02，化工学院03，机电学院04，信控学院05，储建学院06，计通学院07，经管学院08，理学院09，文学院10，马克思主义学院11，体育教学部12，工训中心及其他20。
4. 如有实验内容，须完善对附表中实验项目信息进行完善。
附表：
	实验项目信息

	实验项目名称
	所在实验室名称
	实验室编号
	实验中心名称
	项目编号
	每组人数
	项目学时
	实验类别
	实验要求
	实验类型
	面向专业
	实验室分室
	仪器设备名称
	是否开出

	局部阻力
	局部阻力实验室
	02131
	石油工程实验教学中心
	02131001
	4
	2
	专业基础
	必做
	验证性
	海洋油气工程、石油工程、海工
	B131
	自循环局部阻力实验仪
	是

	流动状态
	流动状态实验室
	02133
	石油工程实验教学中心
	02133001
	3
	2
	专业基础
	必做
	验证性
	海洋油气工程、石油工程、海工
	B133
	雷诺实验仪
	是

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




