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Course Description
	船舶流体力学是船舶与海洋工程本科专业的一门专业基础课，主要研究流体运动和平衡规律、流体和固体之间相互作用、绕流等问题的一门科学。本课程的任务是通过各种教学环节，使学生掌握船舶流体力学的基本知识、原理和计算方法，包括流体的基本性质，流体平衡及运动的基本规律，简单的管路计算，漩涡和势流理论以及边界层基本知识，能运用基本理论分析和解决工程实际问题，并掌握基本的实验技能，为从事专业工作、科研和其它专业课的学习打下良好的基础。

	
	Ship hydrodynamics is the science of the law of equilibrium and motion of fluids. It is an important basic technical course for architecture and marine engineering specialty. The objective of this course is to teach the basic concepts，basic theories, basic computational methods and experimental skills in ship hydrodynamics. The contents include fluid properties, fluid statics, fluid kinematics and dynamics, flow resistance and head loss, pipe flow, vortex movement, potential theory and boundary layer theory. Another objective of this course is to foster students’ problem solving, analysis and creative abilities, lay good foundation for the study of specialized course, specialized technological job and scientific research in the future.



	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：了解并认识船舶流体力学与工程实际的关系
	2.2

	
	目标2：掌握流体平衡和运动的基本概念、基本理论和一般规律，掌握流体力学基本的研究方法
	1.2

	
	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
	2.2, 4.1

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: Understand the relationship between engineering and ship hydrodynamics.
	2.2

	
	Outcome 2: Master the basic concepts, basic theories and laws, basic research methods on fluid balance and movement.
	1.2

	
	Outcome 3: Cultivate the ability of analyzing and solving engineering problems applying fluid mechanics theories.
	2.2, 4.1

	教学内容
Topics
	绪论   2学时
（1） 船舶流体力学的任务
（2） 流体力学的发展、研究方法
（3）  场论与张量初步，常用单位制简介
第一章 流体的主要物理性质   2学时
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  0.5学时
流体的概念，连续介质假设
1.2流体的物理性质 1学时
密度、重度、相对密度、压缩性、膨胀性、粘性及牛顿内摩擦定律
1.3作用在流体上的力  0.5学时
质量力和表面力
第二章 流体静力学 8学时
本章重点难点：静压强的两个基本特性，流体平衡微分方程式，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流体静压强及其特性  1学时
流体静压强的基本概念、两个基本特性及其证明
2.2流体平衡微分方程式  1学时
流体平衡微分方程，等压面
2.3重力作用下的流体平衡 2学时
静力学基本方程及其物理意义和几何意义，压强分布图，压强的表示方法，液式测压计。
2.4静止流体作用在平面上的总压力   1学时
静止流体作用在任意形状平面上总压力的大小、方向以及作用点的计算。
2.5静止流体作用在曲面上的总压力   2学时
静止流体作用在曲面上总压力的大小、方向以及作用点的计算，压力体的确定。
2.6物体在液体中的潜浮原理   1学时
阿基米德原理，潜体和浮体在液体中的平衡和稳定原理。
习题1    1学时
（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，讲解主要存在问题及错误的知识点
第三章 流体运动学基础    6学时
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]本章重点难点：拉格朗日法和欧拉法，流体运动的几何表示，连续性方程，流体微团运动分析与速度分解定理，速度势和流函数
3.1描述流体运动的两种方法     1学时
欧拉法与拉格朗日法，流体质点的加速度。
3.2流体运动的几何描述    2学时
流线和迹线，流管、流束和总流，有效断面、流量和平均流速，流动的分类（定常流动/非定常流动、均匀流/非均匀流、一维/二维/三维流动、正压/斜压流体）。
3.3流体微团运动分析    1学时
流体微团运动分析，亥姆霍兹速度分解定理。
3.4连续性方程     1学时
系统与控制体，输运公式，一元流体流动的连续性方程，空间流体流动的连续性方程。
3.5速度势和流函数     1学时
有旋流动与无旋流动，速度势和流函数，复势和复速度。
第四章 流体动力学基础    9学时
本章重点难点：纳维-斯托克斯方程，理想流体运动微分方程式，实际流体总流的伯努利方程，稳定流动量方程。
4.1纳维-斯托克斯方程     2学时
纳维-斯托克斯方程，二平行平板间流体运动分析。
4.2 理想流体运动微分方程式       1学时
理想流体运动微分方程（欧拉方程），理想流体沿流线的伯努利方程。
4.3实际流体总流的伯努利方程      4学时
实际总流伯努利方程，缓变流及动能修正系数，水头线及水力坡降，伯努利方程的应用：一般的水力计算、节流式流量计、测速管、流动吸力、泵，空泡和船吸等现象简析。
4.4稳定流动量方程   2学时
稳定流动量方程的应用：弯管水力计算问题、射流的反推力及自由射流对挡板的冲击力计算、螺旋浆推进器推力。
第五章 液流阻力与水头损失   10学时
本章重点难点：雷诺实验，圆管层流运动规律，圆管湍流运动规律，量纲分析和相似原理，沿程水头损失及局部水头损失的计算
5.1液流阻力产生的原因及分类       0.5学时
湿周、水力半径、粗糙度等基本概念，流动阻力产生原因，水头损失的分类。
5.2流体的两种流动状态及判别标准        0.5学时
雷诺实验，层流、湍流流态，雷诺数。
5.3圆管层流分析       1学时
圆管层流的流速分布、流量、切应力分布及沿程水头损失
5.4相似原理和量纲分析          2学时
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
5.5圆管湍流分析         2学时
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λ的实验分析，非圆管的当量直径
5.6局部水头损失    1学时
包达公式，局部水力摩阻系数。
5.7压力管路和孔口出流    3学时
压力管路的水力计算，孔口与管嘴泄流。
习题2    2学时
（1）教学内容：第三~五章课后习题点评	
（2）教学要求：点评课后习题总体情况，讲解主要存在问题及错误的知识点
第六章 流体的涡旋运动          5学时
本章重点难点：涡量、涡线、涡管、涡通量，速度环量与Stokes定理， Kelvin定理，旋涡不生不灭定理，亥姆霍兹三定理。
6.1涡流的基本概念1学时
涡量、涡线、涡管、涡通量（旋涡强度）、分布涡与集中涡等。
6.2斯托克斯定理        1学时
速度环量与Stokes定理。
6.3汤姆孙定理          1学时
开尔文定理（汤姆孙定理）、拉格朗日定理。
6.4亥姆霍兹定理        1学时
亥姆霍兹三定理。
6.5 旋涡的诱导速度和兰金涡 1学时
旋涡的诱导速度场，兰金涡。
第七章 势流理论  9学时
本章重点难点：拉格朗日方程，平面势流基本解，势流叠加原理，圆柱绕流。
7.1 不可压势流的基本方程和边界条件  1学时
拉格朗日方程和势流的伯努利方程，边界条件及解法概述。
7.2简单平面势流   1学时
平行等速流、点源和点汇、点涡、平面偶极。
7.3势流叠加原理  1学时
势流叠加原理，几种简单平面势流的叠加。
7.4绕圆柱体的流动    2学时
绕圆柱体无环量和有环量流动。
7.5保角变换法 2学时
平移变换，旋转变换，儒柯夫斯基变换，平板无环量和有环量绕流
7.6映像法 1学时
直壁的干扰，圆形壁的干扰，地面效应，风洞壁和水池壁产生的映像
7.7附加质量 1学时
附加质量，绝对速度势、相对速度势、牵连速度势，圆柱体附加质量
第八章 边界层理论     8学时	
本章重点难点：边界层的概念，普朗特边界层微分方程，边界层动量积分关系式，平板边界层近似计算，边界层的分离与控制，绕流物体的阻力，机翼理论。
8.1边界层概念    1学时
边界层的定义，边界层流态，边界层厚度。
8.2边界层微分方程式     1学时
量级对比分析，普朗特边界层微分方程式。
8.3边界层动量积分关系式      1学时
冯·卡门动量积分关系式，平板层流边界层、平板湍流边界层以及平板混合边界层的近似计算。                                    
8.4边界层的分离和控制      1学时
曲面边界层的流动，边界层分离现象与分离机理，边界层分离形状阻力。
8.5圆柱与圆球的绕流阻力          2学时
卡门涡街，斯特罗哈数，圆柱与圆球绕流，流动阻力与减阻方法。
8.6 机翼理论 2学时
绕流的阻力与升力，翼型的几何特性，机翼的动力学特征，库塔-茹科夫斯基升力定理。
习题3  2学时
（1）教学内容：第六~八章课后习题点评	
（2）教学要求：点评课后习题总体情况，讲解主要存在问题及错误的知识点


	
	Introduction 	      
（1） Objection of ship hydrodynamics
（2） Development of ship hydrodynamics
（3） Research methods of ship hydrodynamics
Chapter 1 Fluid and Fluid Properties                                               
Key and difficult points: 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 2 Fluid Statistics 
Key and difficult points: characteristics of static pressure, equilibrium differential equation of static fluid，isobaric surface, basic equation of fluid statics, calculation of total force on a plane and curved surface
2.1 Static pressure and characteristics
Static pressure，characteristics of static pressure
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，manometers
2.4 Force on a plane surface                                               
The magnitude, direction and location of total force on an plane surface
2.5 Force on a curved surface                                               
The magnitude, direction and location of total force on an curved surface
2.6 Submerged body and floating body
Archimedes' Principle and buoyancy，the stability and the balance of the submerged body and floating body
Assignment 1
（1）Content: comment on Chapter 1 and Chapter 2 assignment
（2）Teaching requirements: comment on the main problems and the wrong points in assignment
Chapter 3 Basics of Fluid Kinematics                                        
Key and difficult points: Lagrange method and Euler method, concepts of fluid flow, motion of fluid lumps, continuity equation, rotational flow and irrotational flow, velocity potentials and stream function
3.1Two methods to describe fluid motion                                                 
Lagrange method, Euler method, material acceleration
3.2 Concepts of fluid flow                                                      
path lines and streamlines, stream tube and total flow, flow section, flow rate and average velocity，the classification of the flow（Steady flow and unsteady flow, uniform flow and non-uniform flow, one/two/three dimension flow）
3.3 Motion of fluid lumps
Motion of fluid lumps, Helmholtz velocity decomposing theorem
3.4 Continuity equation                                                             
system and control volum, transport equation, Continuity equation of one dimensional flow, three-dimensional differential continuity equation
3.5 Velocity potentials and stream function
rotational flow and irrotational flow, velocity potentials and stream function
Chapter 4 Basics of Fluid Dynamics    
Key and difficult points: flow regime, laminar flow in circular pipe, turbulent flow in circular pipe, differential motion equation for real fluid, dimensional and similitude analysis, calculation of friction head loss and minor head loss
4.1 Differential motion equation for real fluid                                                   
Derivation and application of differential motion equation for real fluid (N~S equation)
4.2 Differential motion equation for ideal fluid                                                   
Differential motion equation for ideal fluid（Euler’s equation），energy equation for ideal fluid along a streamline (Bernoulli’s equation)
4.3 Bernoulli’s equation and application of Bernoulli’s equation                                                  
Bernoulli’s equation for real total flow, section of the gradually varied flow and kinetic-energy correction factor, application of Bernoulli’s equation, head line and hydraulic grade, Energy input from pump, cavitation and attraction between adjacent ships
4.4 Steady flow momentum equation and application of momentum equation                                              
Derivation of steady flow momentum equation, application of momentum equation, propeller thrust 
Chapter 5 Flow Resistance and Head Loss  
Key and difficult points: flow regime, laminar flow in circular pipe, turbulent flow in circular pipe, differential motion equation for real fluid, dimensional and similitude analysis, calculation of friction head loss and minor head loss 
5.1 Causes and classification of flow resistance in pipe                                         
Concept of wetted perimeter, hydraulic radius, roughness, causes of flow resistance, classification of head loss 
5.2 Flow regime and regime criterion                                                  
Concept of laminar flow and turbulent flow, Reynolds number and its physical meaning
5.3 Laminar flow in circular pipe
Velocity profile, flow rate, stress profile and friction head loss of laminar flow in circular pipe
5.4 Dimensional and similitude analysis                                                     
Raleigh methods and Buckinggham π theorem of dimensional analysis, geometrical similitude, kinematical similitude and dynamical similitude, similitude numbers 
5.5 Turbulent flow in circular pipe                                                           
Definition of hydraulic smooth and hydraulic rough, Darcy’s equation, experimental analysis of friction coefficient λ，Equivalent diameter 
5.6 Minor loss
The Borda-Carnot formula，coefficient of minor head loss
5.7 Flow in pressure conduits and orifice discharge
hydraulic calculation of single pipe and complex pipe, the orifice and nozzle discharge
Assignment 2
（1）Content: comment on Ch.3 ~ Ch.5 assignment
（2）Teaching requirements: comment on the main problems and the wrong points in assignment
Chapter 6  Vortex Movement
Key and difficult points: Concepts of vortex movement, Stokes' theorem, Thomson's theorem, Helmholtz's theorem, Rankine vortex
6.1  Concepts of vortex movement
Vorticity, vortex line, vortex tube, vorticity flux, distribution vortex  and concentrated vortex
6.2  Stokes' theorem
velocity circulation, Stokes' theorem
6.3 Thomson's theorem
Thomson's theorem , Lagrange theorem
6.4 Helmholtz's theorem
Helmholtz's theorem
6.5 Vortex induced velocity and Rankine vortex
induced velocity, Rankine vortex
Chapter 7  Potential Theory
Key and difficult points:  Lagrange equation, the Bernolli equation for potential flow, simple two-dimensional potential flow, superposition principle on potential flow, flow around a circular cylinder
7.1 Lagrange equation 
Lagrange equation and the Bernolli equation for potential flow
7.2 Simple two-dimensional potential flow
the straight flow, point source and sink, dipole
7.3 superposition principle on potential flow
superposition principle on potential flow field, the superposition of some fundamental solution of potential flow
7.4 Flow around a circular cylinder
Flow around a circular cylinder: circulation and non-circulation
Chapter 8 Basics of Boundary Layer Theory                                                     
Key and difficult points: concepts of boundary layer, boundary layer depth, equations of boundary layer, separation and control of boundary layer, drag of outside flow, wing theory
8.1 Concepts of boundary layer 	
Concepts of boundary layer, regime of flow in boundary layer, boundary layer depth
8.2 Differential equations of boundary layer
Dimensionless method, Prandtl movement differential equations of boundary layer
8.3 Momentum integral equations of boundary layer
Momentum integral equations of boundary layer, a flat plate laminar and turbulent boundary layer, mixing boundary layer
8.4 Separation and control of boundary layer
Separation theory of boundary layer, separation condition, pressure difference drag and friction drag,
8.5 Drag of outside flow
Karman Vortex Street , Strouhal number, drag coefficient of outside flow
8.6 Wing theory
cylinder wake, lift force and drag force, geometric characterization of the wing, Kinetics features, Kutta-Joukowski theorem
Assignment 3
（1）Content: comment on Ch. 6~ Ch. 8 assignment
（2）Teaching requirements: comment on the main problems and the wrong points in assignment

	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
	2
	讲授
	2
	自学
	目标1

	
	1.1
1.2
	2
	讲授
	2
	作业
	目标2

	
	1.3
2.1
	2
	讲授
	2
	自学
	目标2

	
	2.2
	2
	讲授
	2
	自学
	目标2

	
	2.3
	2
	讲授
	2
	作业
	目标2

	
	2.4
	1
	讲授
	1
	作业
	目标3

	
	2.5
	2
	讲授
	2
	作业
	目标3

	
	2.6
	1
	讲授
	1
	自学
	目标3

	
	习题1
	1
	讲授/讨论
	1
	作业
	目标2
目标3

	
	3.1
	1
	讲授
	1
	作业
	目标2

	
	3.2
	2
	讲授
	2
	作业
	目标2

	
	3.3
3.4
	2
	讲授
	2
	作业
	目标2

	
	3.5
	1
	讲授
	1
	作业
	目标2

	
	4.1
	2
	讲授
	2
	作业
	目标2

	
	4.2
	1
	讲授
	1
	自学
	目标2

	
	4.3
	4
	讲授
	4
	作业
	目标3

	
	4.4
	2
	讲授
	2
	作业
	目标3

	
	5.1
5.2
	1
	讲授
	1
	作业
	目标2

	
	5.3
	1
	讲授
	1
	作业
	目标2

	
	5.4
	2
	讲授
	2
	作业
	目标3

	
	5.5
	2
	讲授
	2
	作业
	目标3

	
	5.6
	1
	讲授
	1
	作业
	目标3

	
	5.7
	3
	讲授
	3
	作业
	目标3

	
	习题2
	2
	讲授/讨论
	2
	作业
	目标2
目标3

	
	6.1
6.2
	2
	讲授
	2
	作业
	目标2

	
	6.3
6.4
	2
	讲授
	2
	作业
	目标2

	
	6.5
7.1
	2
	讲授
	2
	作业
	目标2

	
	7.2
	2
	讲授
	2
	作业
	目标2

	
	7.3
	2
	讲授
	2
	作业
	目标2

	
	7.4
	2
	讲授
	2
	自学
	目标3

	
	8.1
8.2
	2
	讲授
	2
	作业
	目标2

	
	8.3
8.4
	2
	讲授
	2
	自学
	目标2

	
	8.5
	2
	讲授
	2
	自学
	目标2

	
	8.6
	2
	讲授
	2
	自学
	目标2

	
	习题3
	2
	讲授/讨论
	2
	作业
	目标2 
目标3

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	Intro.
	2
	Teaching 
	2
	Reading 
	Outcome 1

	
	1.1
1.2
	2
	Teaching
	2
	Homework
	Outcome 2

	
	1.3
2.1
	2
	Teaching
	2
	Reading
	Outcome 2

	
	2.2
	2
	Teaching
	2
	Reading
	Outcome 2

	
	2.3
	2
	Teaching
	2
	Homework
	Outcome 2

	
	2.4
	1
	Teaching
	1
	Homework
	Outcome 3

	
	2.5
	2
	Teaching
	2
	Homework
	Outcome 3

	
	2.6
	1
	Teaching
	1
	Reading
	Outcome 3

	
	Exer.1
	1
	Teaching / Discussion
	1
	Homework
	Outcome 2 Outcome 3

	
	3.1
	1
	Teaching
	1
	Homework
	Outcome 2

	
	3.2
	2
	Teaching
	2
	Homework
	Outcome 2

	
	3.3
3.4
	2
	Teaching
	2
	Homework
	Outcome 2

	
	3.5
	1
	Teaching
	1
	Homework
	Outcome 2

	
	4.1
	2
	Teaching
	2
	Homework
	Outcome 2

	
	4.2
	1
	Teaching
	1
	Reading
	Outcome 2

	
	4.3
	4
	Teaching
	4
	Homework
	Outcome 3

	
	4.4
	2
	Teaching
	2
	Homework
	Outcome 3

	
	5.1
5.2
	1
	Teaching
	1
	Homework
	Outcome 2

	
	5.3
	1
	Teaching
	1
	Homework
	Outcome 2

	
	5.4
	2
	Teaching
	2
	Homework
	Outcome 3

	
	5.5
	2
	Teaching
	2
	Homework
	Outcome 3

	
	5.6
	1
	Teaching
	1
	Homework
	Outcome 3

	
	5.7
	3
	Teaching
	3
	Homework
	Outcome 3

	
	Exer.2
	2
	Teaching / Discussion
	2
	Homework
	Outcome 2 Outcome 3

	
	6.1
6.2
	2
	Teaching
	2
	Homework
	Outcome 2

	
	6.3
6.4
	2
	Teaching
	2
	Homework
	Outcome 2

	
	6.5
7.1
	2
	Teaching
	2
	Homework
	Outcome 2

	
	7.2
	2
	Teaching
	2
	Homework
	Outcome 2

	
	7.3
	2
	Teaching
	2
	Homework
	Outcome 2

	
	7.4
	2
	Teaching
	2
	Reading
	Outcome 3

	
	8.1
8.2
	2
	Teaching
	2
	Homework
	Outcome 2

	
	8.3
8.4
	2
	Teaching
	2
	Reading
	Outcome 2

	
	8.5
	2
	Teaching
	2
	Reading
	Outcome 2

	
	8.6
	2
	Teaching
	2
	Reading
	Outcome 2

	
	Exer.3
	2
	Teaching / Discussion
	2
	Homework
	Outcome 2 
Outcome 3

	考核方式
Grading
	评价环节
	比例

	
	环节1：平时表现
	10%

	
	环节2：作业
	20%

	
	环节3：期末考试
	70%

	
	Evaluation
	Percentage

	
	Evaluation 1: Attendance and Performance
	10%

	
	Evaluation 2: Assignment
	20%

	
	Evaluation 3: Final Exam
	70%

	教材及参考资料
Textbooks & Other Materials
	1．《船舶流体力学》， 朱仁庆等编著，国防工业出版社，2015；
2．《船舶流体力学》，夏国泽，华中科技大学出版社，2003；
3.《工程流体力学》，倪玲英主编，石油大学出版社，2012；
4．《流体力学及其工程应用》，(美) E·约翰芬纳莫尔, 约瑟夫B·弗朗兹尼编著，机械工业出版社，2006。

	
	1. Renqing, Zhu, Ship Hydrodynamics, National defence of Industry Press, 2015.
2. Guoze, Xia, Ship Hydrodynamics, Huazhong University of Science and Technology Press, 2003.
3. LingYing, Ni, Engineering fluid mechanics, China University of Petroleum Press, 2012.
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
	倪玲英
	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。

