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Course Information

	课程名称
Course Name
	流体力学

	
	Fluid Mechanics

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

	负责人
Leader
	倪玲英
	课程团队
Team Members
	流体力学教学团队

	课程编码
Course Code
	02220
	学分
Credits
	2

	[bookmark: _GoBack]课内学时
Course Hours
	32
	理论学时
Lecture Hours
	32
	实验学时
Experiment Hours
	0

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

	课外学时
Home Hours
	32

	适用专业
Audience
	环境工程

	授课语言
Language of Instruction
	中文

	先修课程
Prerequisite
	高等数学，大学物理

	课程简介
Course Description
	流体力学是研究流体的平衡规律、运动规律，以及流体和固体之间相互作用规律的学科，是环境工程一门重要的专业基础选修课。本课程的主要教学内容包括：流体的概念及其物理性质，静止流体内的压强分布规律及静水总压力问题，运动流体的研究方法、基本概念、质量守恒定律、能量守恒定律以及动量定律，层流和紊流流态，流动阻力和水头损失，压力管路串并联的水力计算以及孔口管嘴泄流计算等。本课程的教学目标是通过各个教学环节使学生掌握和理解流体平衡和运动的基本概念、基本理论和一般规律，掌握流体力学的常用计算方法和基本实验技能，提高分析和解决实际问题的能力，为今后学习专业知识、从事专业工作和科学研究打下良好基础

	
	Fluid mechanics is a subject studying on the law of fluid balance and the law of fluid motion, with function between the fluid and solid boundary. It is an important specialized elementary optional course for Environment Engineering. The teaching contents mainly include: (1) the definition and the basic properties of fluid; (2) the distribution of hydrostatic pressure and the total force acting on the solid wall; (3) the research method and the basic conceptions of fluid flow, the law of mass conservation, the law of energy conservation and the law of momentum; (4) the laminar flow and the turbulent flow; (5) the resistance and the energy loss of fluid flow; (6) the series-parallel connection of pipes, the orifice and nozzle discharge, etc. Students should master the basic concepts, basic theories and laws, basic calculation methods and basic experiment ability about fluid balance and movement, and improve the ability of analyzing and solving practical engineering problems. So they will lay a good foundation for the future studying professional knowledge, going in for professional work and scientific research.



	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：了解并认识流体力学与工程实际的关系
	绪论

	
	目标2：掌握流体力学的基本概念、基本理论和基本知识
	1.4

	
	目标3：培养应用流体力学理论分析和解决实际工程问题的能力
	2.1

	
	Learning Outcomes
	Major Objectives

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

	
	Outcome 2: Master the basic concepts, basic theories and basic methods of fluid mechanics. Understand the general processes of problems analyzing.
	1.4

	
	Outcome 3: Cultivate the ability of analyzing and solving engineering problems applying fluid mechanics theories.
	2.1

	教学内容
Topics
	绪论  	      
（1） 工程流体力学的任务
（2） 流体力学的发展
（3） 工程流体力学的研究方法 
第一章 流体及其主要物理性质                                               
本章重点难点：连续介质假设，粘性，牛顿内摩擦定律
1.1流体的概念
流体的概念，连续介质假设	
1.2流体的主要物理性质
流体的密度、重度、相对密度、压缩性、弹性、膨胀性、粘性及牛顿内摩擦定律
1.3作用在流体上的力
质量力与表面力	
第二章 流体静力学
本章重点难点：流体静压强的基本特性，流体平衡微分方程，等压面，静力学基本方程，平面总压力和曲面总压力的计算	
2.1流体静压强的概念及其特点
2.2流体平衡微分方程
流体平衡微分方程，平衡微分方程的积分，等压面的概念、方程及其特性
2.3重力作用下的流体平衡
静力学基本方程及其几何、物理意义，压强的不同表示方法，压强分布图
2.4 测压管测压计
测压管，水银测压计、组合水银测压计，比圧计
2.5静止流体作用在平面上的总压力                                               
总压力的三要素（大小、方向及作用点）
2.6静止流体作用在曲面上的总压力                                               
总压力的三要素（大小、方向及作用点）
2.8几种质量力作用下的流体平衡
水平等加速直线运动、等角速旋转运动的相对平衡流体内的压强分布规律、等压面和自由液面方程
习题1
（1）教学内容：第一章、第二章课后习题点评	
（2）教学要求：点评课后习题总体情况、主要存在问题及错误的知识点
第三章 流体运动学及动力学基础                                            
本章重点难点：连续性方程、伯努利方程、动量方程及其工程应用
3.1研究流体运动的两种方法                                                  
欧拉法、拉格朗日法，加速度
3.2流体运动的基本概念                                                      
定常流和非定常流，流线和迹线，流管、流束和总流，有效断面、流量和断面平均流速
3.3连续性方程                                                             
一元流体运动的连续性方程，空间流体运动的连续性方程
3.4理想流体运动微分方程                                                   
理想流体运动微分方程（欧拉方程），理想流体沿流线的能量方程（伯努利方程）
3.5伯努利方程及其应用                                                    
实际流体总流的能量方程（伯努利方程），伯努利方程的应用
3.6泵对液流能量的增加
泵的扬程和功率
3.7定常流的动量方程及其应用                                               
定常流动量方程的导出及应用
习题2
（1）教学内容：第三章课后习题点评	
（2）教学要求：点评课后习题总体情况、主要存在问题及错误的知识点
第四章 流动阻力与水头损失                                                 
本章重点难点：流动状态，圆管层流运动规律，圆管紊流运动规律，粘性流体运动微分方程，量纲分析，模型相似原理，沿程水头损失和局部水头损失计算
4.1管路中流动阻力产生的原因及分类                                         
4.2两种流动状态及判别标准                                                 
层流、湍流流态的定义，雷诺数及其物理意义
4.3实际流体运动微分方程                                                   
实际流动运动微分方程式（N-S方程）的简介
4.4因次分析和相似原理                                                     
量纲分析的雷利法及π定理，流动几何相似、运动相似和动力相似，相似准数
4.5圆管层流分析                                                           
圆管层流的流速分布、流量、切应力分布及沿程水头损失
4.6圆管湍流分析                                                           
湍流水力光滑、水力粗糙的定义，沿程水头损失的达西公式，沿程水力摩阻系数的实验分析
4.7非圆管沿程水头损失
当量直径
4.8局部水头损失
局部水头损失系数，局部水头损失计算
习题3
（1）教学内容：第四章课后习题点评	
（2）教学要求：点评课后习题总体情况、主要存在问题及错误的知识点
第五章 压力管路的水力计算                                                 
本章重点难点：简单管路的水力计算，串并联管路的水力计算、孔口与管嘴出流，水击现象
5.1简单长管的水力计算
简单长管水力计算的三类问题
5.2复杂长管的水力计算   
长管串联、并联、分支的水力特性及水力计算
5.3 短管的水力计算
作用水头
5.4孔口和管嘴泄流
孔口、管嘴的定义，孔口、管嘴自由出流、淹没出流的流量计算公式
5.5压力管路中的水击现象                                               
水击的定义及产生原因，水击波的传播过程，水击分类
习题4
（1）教学内容：第五章课后习题点评	
（2）教学要求：点评课后习题总体情况、主要存在问题及错误的知识点

	
	Introduction 	      
（1） Objection of engineering fluid mechanics
（2） Development of engineering fluid mechanics
（3） Research methods of engineering fluid mechanics 
Chapter 1 Fluid and Fluid Properties                                               
[bookmark: OLE_LINK1]Focus and difficulties: the continuity assumption of fluid，viscosity, Newton’s law of viscosity
1.1 Definition of a fluid
Definition of a fluid，the continuity assumption of fluid	
1.2 Fluid physical properties
Density and specific weight, compressibility, flexibility, expansibility, viscosity and Newton’s law of viscosity
1.3 Force on the fluid
Mass force and surface force	
Chapter 1 Fluid Statistics 
Focus and difficulties: characteristics of static pressure, equilibrium differential equation of static fluid，isobaric surface, basic equation of fluid statics, calculation of forces on plane and curved surface
2.1 Static pressure and characteristics
2.2 Equilibrium differential equation of static fluid
[bookmark: OLE_LINK15]Equilibrium differential equation of static fluid，integration of equilibrium differential equation, definition, equation and characteristics of isobaric surface
2.3 Equilibrium of fluid under gravity 
Basic equation of fluid statics and its physical and geometrical meaning,  different scales of pressure measurement，distribution diagram of pressure
2.4 Manometers
Piezometer, mercury manometer, multiple mercury manometer, differential manometer
2.5 Fluid static total pressure on plane surface                                              
Three factors of total pressure (size, direction and action point)
2.6 Fluid static total pressure on curved surface                                               
Three factors of total pressure (size, direction and action point)
2.8 Fluid equilibrium under several mass forces
The distribution law of pressure, relative pressure surface and free surface equation of the relative equilibrium fluid in the horizontal linear motion and the constant velocity rotation motion
Exercise 1
（1）Teaching contents: the first chapter and the second chapter	
（2）Teaching requirements: comment on the general situation of after-school exercises, the main problems and the wrong knowledge
Chapter 3 Fluid Kinematics and Dynamics                                            
Focus and difficulties:Continuity equation, Bernoulli equation, momentum equation and its engineering application
3.1Two methods for studying fluid motion                                                  
Euler method, Lagrange method and acceleration
3.2 Basic concepts of fluid motion                                                      
Steady and unsteady flow, streamline and trace, flow pipe, flow and total flow, effective section, flow rate and average velocity of section
3.3 Continuity equation                                                             
Continuity equation of one dimensional fluid motion and continuity equation of fluid motion in space
3.4 Ideal fluid motion differential equation                                                   
Ideal fluid motion differential equation (Euler equation), the energy equation of the ideal fluid along the streamline (Bernoulli equation)
3.5 Bernoulli equation and its application                                                    
The energy equation (Bernoulli equation) and the application of the Bernoulli equation
3.6 Pump to increase the energy flow
Pump head and power
3.7 Momentum equation of steady flow and its application                                               
Derivation and application of steady flow equation
Exercise 2
（1）Teaching contents: the third chapter	
（2）Teaching requirements: comment on the general situation of after-school exercises, the main problems and the wrong knowledge
Chapter 4 Flow resistance and head loss                                                 
Focus and difficulties:Flow state, laminar flow law of circular tube, turbulent motion of circular tube, differential equation of viscous fluid motion, dimensional analysis, model similarity principle, calculation of head loss and local head loss
4.1 Causes and classification of flow resistance in pipeline                                         
4.2 Two flow states and criteria                                                 
Definition of laminar and turbulent flow regimes, Reynolds number and its physical significance
4.3 Differential equation of fluid motion                                                   
A brief introduction to the differential equation (N-S equation) of real flow motion
4.4 Dimensional analysis and similarity theory                                                     
Reilly law and the theorem of dimensional analysis, the flow of geometric similarity, kinematic similarity and dynamic similarity, similarity criterion
4.5 Laminar flow analysis                                                           
Laminar flow velocity distribution, flow rate, shear stress distribution and head loss along the tube
4.6 Turbulent flow analysis                                                           
The definition of turbulent hydraulic roughness, hydraulic roughness, Darcy equation of the head loss along the path, and the experimental analysis of hydraulic friction coefficient along the path
4.7 Head loss of non circular pipe
Equivalent diameter
4.8 Local head loss
Local head loss coefficient, Local head loss calculation
Exercise 3
（1）Teaching contents: the fourth chapter	
（2）Teaching requirements: comment on the general situation of after-school exercises, the main problems and the wrong knowledge
Chapter 5 Hydraulic calculation of pressure pipeline                                                 
Focus and difficulties: Hydraulic calculation of simple pipeline, hydraulic calculation of series parallel pipeline, outflow of orifice and nozzle, water hammer phenomenon
5.1 Hydraulic calculation of simple long pipe
Three kinds of problems in hydraulic calculation of simple long pipe
5.2 Hydraulic calculation of complex long pipe   
Hydraulic characteristics and hydraulic calculation of series, parallel and branch of long tubes
5.3 Hydraulic calculation of short pipe
Acting head
5.4 Orifice and nozzle bleed
Definition of orifice and nozzle, calculation formula of free and submerged flow for orificeand nozzle  
5.5 Water hammer phenomenon in pressure pipeline                                               
Definition and cause of water hammer, propagation process of water hammer wave
Exercise 4
（1）Teaching contents: the fifth chapter	
（2）Teaching requirements: comment on the general situation of after-school exercises, the main problems and the wrong knowledge

	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

	
	绪论
1.1
	1
	讲授
	1
	自学
	目标1

	
	1.2
1.3
	3
	讲授
	3
	作业/自学
	目标2

	
	2.1
	1
	讲授/讨论
	1
	自学
	目标2

	
	2.2
	1
	讲授/讨论
	1
	自学
	目标2

	
	2.3
2.4
	1
	讲授
	1
	作业
	目标2

	
	2.5
	1
	讲授
	1
	作业
	目标3

	
	2.6
	1
	讲授/讨论
	1
	作业
	目标3

	
	2.8
	1
	讲授
	1
	自学
	目标3

	
	习题1
	2
	讲授
	2
	自学
	目标2
目标3

	
	3.1
3.2
	2
	讲授
	2
	作业
	目标2

	
	3.3
3.4
	1
	讲授
	1
	作业
	目标2

	
	3.5
	1
	讲授
	1
	作业
	目标3

	
	3.6
	1
	讲授
	1
	作业
	目标3

	
	3.7
	2
	讲授
	2
	作业
	目标3

	
	习题2
	1
	讲授
	1
	自学
	目标2
目标3

	
	4.1
4.2
	2
	讲授
	2
	作业
	目标2

	
	4.3
	1
	讲授
	1
	作业
	目标2

	
	4.4
	2
	讲授
	2
	作业
	目标2

	
	4.5
4.6
	1
	讲授
	1
	作业
	目标2

	
	4.7
4.8
	1
	讲授
	1
	作业
	目标3

	
	习题3
	1
	讲授
	1
	自学
	目标2
目标3

	
	5.1
5.2
	1
	讲授/讨论
	1
	作业
	目标3

	
	5.3
5.4
	1
	讲授/讨论
	1
	作业
	目标3

	
	5.5
	1
	讲授
	1
	自学
	目标2

	
	习题4
	1
	讲授
	1
	自学
	目标2
目标3

	
	
	
	
	
	
	

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	Intro.
1.1
	1
	Teaching
	1
	Self-study
	Outcome1

	
	1.2
1.3
	3
	Teaching
	3
	Assignment /
Online Test
	Outcome2

	
	2.1
2.2
	2
	Teaching / Discussion
	2
	Self-study
	Outcome2

	
	2.3
2.4
	1
	Teaching
	1
	Homework
	Outcome2

	
	2.5
	1
	Teaching
	1
	Assignment
	Outcome3

	
	2.6
	1
	Teaching / Discussion
	1
	Assignment
	Outcome3

	
	2.8
	1
	Teaching
	1
	Self-study
	Outcome3

	
	Exer.1
	2
	Teaching
	2
	Self-study
	Outcome2
Outcome3

	
	3.1
3.2
	2
	Teaching
	2
	Assignment
	Outcome2

	
	3.3
3.4
	1
	Teaching
	1
	Assignment
	Outcome2

	
	3.5
	1
	Teaching
	1
	Assignment
	Outcome2

	
	3.6
	1
	Teaching
	1
	Assignment
	Outcome3

	
	3.7
	2
	Teaching
	2
	Assignment
	Outcome3

	
	Exer.2
	1
	Teaching
	1
	Self-study
	Outcome2
Outcome3

	
	4.1
4.2
	2
	Teaching
	2
	Assignment
	Outcome2

	
	4.3
	1
	Teaching
	1
	Assignment
	Outcome2

	
	4.4
	2
	Teaching
	2
	Assignment
	Outcome2

	
	4.5
4.6
	1
	Teaching
	1
	Assignment
	Outcome3

	
	4.7
4.8
	1
	Teaching
	1
	Assignment
	Outcome3

	
	Exer.3
	1
	Teaching
	1
	Self-study
	Outcome2
Outcome3

	
	5.1
5.2
	1
	Teaching/ Discussion
	1
	Assignment
	Outcome3

	
	5.3
5.4
	1
	Teaching/ Discussion
	1
	Assignment
	Outcome3

	
	5.5
	1
	Teaching
	1
	Self-study
	Outcome2

	
	Exer.4
	1
	Teaching
	1
	Self-study
	Outcome2
Outcome3

	考核方式
Grading
	评价环节
	比例

	
	环节1：作业、学习态度与表现等
	20%

	
	环节2：期末考试
	80%

	
	
	

	
	Evaluation
	Percentage

	
	Evaluation 1: Assignment，Attendance and Performance
	20%

	
	Evaluation 2: Final Exam
	80%

	
	
	

	教材及参考资料
Textbooks & Other Materials
	1．《工程流体力学》，倪玲英主编，中国石油大学出版社，2012；
2．《工程流体力学》，袁恩熙主编，石油工业出版社，1986；
3．《工程流体力学》，闻德荪主编，高等教育出版社，1996；
4．《流体力学及其工程应用》（翻译版;原书第10版），E. 约翰芬纳莫尔，机械工业出版社，2009。

	
	1. LingYing, Ni, Engineering fluid mechanics, China University of Petroleum Press, 2012.
2. Enxi, Yuan, Engineering fluid mechanics, Petroleum Industry Press, 1986.
3. Desun, Wen, Engineering fluid mechanics, China Higher Education Press, 1996.
4. E. John Finnemore, Joseph B. Franzini, Fluid mechanics with engineering applications (Translation of 10th Edition), China Machine Press, 2009.

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	高慧
	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。

