《水射流理论与应用》教学大纲
Syllabus of Fluid Jet Technology-Fundamentals and Applications
	课程基本信息
Course Information

	课程名称
Course Name
	水射流理论与应用

	
	Fluid Jet Technology-Fundamentals and Applications

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

	负责人
Leader
	杨永印
	课程团队
Team Members
	廖华林 王明波

	课程编码
Course Code
	02113
	学分
Credits
	2

	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
	0

	适用专业
Audience
	石油工程专业 船舶与海洋工程专业

	授课语言
Language of Instruction
	双语

	先修课程
Prerequisite
	工程流体力学

	课程简介
Course Description
	《水射流理论与应用》（双语）是为石油工程专业和船舶与海洋工程专业本科生开设的石油工程类专业选修课。通过学习水射流技术的发展、射流动力学原理、先进射流理论、射流破岩机理、水射流在石油工程中的应用等知识，让学生了解高压水射流的基本理论、基本原理及水射流技术在石油工程中的应用现状，为学生毕业后正确运用射流理论，将射流技术应用实际工作中奠定基础。

	
	Fluid Jet Technology-Fundamentals and Applications（Bilingual Course）is a major course for undergraduates who major in Petroleum Engineering and Naval Architecture and Ocean Engineering. This course mainly introduces historical review of water jet technology, fundamentals of jet dynamics, advanced jet technologies, rock-breaking mechanisms, field applications of water jet technology. Once the students have finished learning the course, they will form a basic understanding of water jet theory, fundamentals and status of water jet in petroleum industry. In near future, the students will be able to apply water jet technology to field application by their own.





	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：了解并认识科学与工程的关系
	1.1

	
	目标2：了解水射流工具设计的基本概念和一般流程
	2.2 2.5 5.3 6.3 7.1 7.2 7.3

	
	目标3：通过课程项目的实践，培育认识和发现问题的能力和团队协作解决工程问题的能力
	1.3 7.4 3.2 

	
	Learning Outcomes
	Major Objectives

	
	Objective 1: understand the relation between science and engineering
Objective 2: understand the basic concepts and standard procedures of how to design a water jet tool
	1.1 
2.2 2.5 5.3 6.3 7.1 7.2 7.3
1.3 7.4 3.2

	教学内容
Topics
	第一章 引言
本章重点难点：科学与工程的关系，射流的分类，不同射流的流动特性
1.1课程学习的目的、方法和预备知识
学习水射流理论的目的、推荐的学习方法、流体力学基础知识回顾
1.2射流技术发展简史
古代射流技术的发展，近现代射流技术的发展，现代射流技术的新动向
1.3射流分类方法及不同射流的流动特性
射流的分类方法，连续射流的流动特性，脉冲射流的流动特性，磨料射流的流动特性
1.4射流技术应用特点
清洗领域射流技术特点，切割领域射流技术特点

第二章 水射流动力学基础
本章重点难点：连续射流的流场特性，喷嘴流量系数的公式及意义，提高射流效率的措施，3个射流动力学压力，射流系统的设计方法
2.1连续射流流场特性
连续射流流场描述，连续射流流场的压力分布，连续射流流场的速度分布
2.2喷嘴设计方法和经验参数
喷嘴设计方法介绍，经验参数的选取
2.3喷嘴流量系数
喷嘴流量系数的定义，喷嘴流量系数的物理意义
2.4射流的动力学压力
射流动力学压力的定义，射流动力学压力的应用
2.5射流系统设计及计算
射流系统设计的具体内容，射流系统设计相关计算

第三章 先进射流技术
本章重点：流场空化概念，空化启始方式，聚合物对流场的促进作用机理。
本章难点：射流空化的方式及评价方法，聚合物射流的机理和应用条件，新型射流的研究方法
3.1空化射流
空化射流的形成，空化射流的分类，空化数的概念，空化测量方法介绍
3.2聚合物溶液射流
聚合物溶液射流的形成，聚合物溶液射流的特点
3.3星形喷嘴射流
星形喷嘴概述，星形喷嘴射流的形成，星形喷嘴射流的实验研究

第四章 水射流切割机理
本章难点：射流切割脆性材料的机理
本章重点：射流冲击压力分布，工况参数的影响规律，脆性材料、塑性材料的射流切割机理
4.1 射流冲击压力分布
射流的冲击压力分布，射流冲击压力分布规律分析
4.2射流影响因素及规律
影响射流冲击压力形成的因素分析，不同工况参数对射流冲击压力的影响规律分析
4.3预测射流切割深度的方法
实验数据回归方法，模糊数学方法，灰色理论方法
4.4 纯水射流切割缺陷材料的机理
缺陷材料结构分析，水射流切割缺陷材料的机理

第五章 磨料射流
本章难点：磨料射流基本影响因素和规律，前/后混磨料射流特性差异，磨料射流切割破碎物料的机理
5.1磨料射流的产生方法
前混合式磨料射流的产生，后混合式磨料射流的产生
5.2影响磨料射流切割深度的因素
泵压对磨料射流切割深度的影响，排量对磨料射流切割深度的影响，磨料颗粒参数对磨料射流切割深度的影响
5.3前混合磨料射流与后混和磨料射流
前混合磨料射流的结构特性分析，后混合磨料射流的结构特性分析，前/后混合磨料射流的优缺点对比分析
5.4磨料颗粒的描述方法及其对切割效率的影响
磨料颗粒的描述方法，磨料颗粒属性对切割效率的影响规律
5.5磨料射流切割脆性、塑性材料的机理
磨料射流切割脆性材料的切割机理，磨料射流切割塑性材料的切割机理

第六章 射流辅助破岩提高钻速技术
本章难点：各应用技术提高钻速的机理
6.1提高射流井底工作效率的措施
不同参数对射流井底工作效率的影响规律，岩屑的压持效应
6.2超高压射流辅助钻井技术
双管钻井技术，超高压射流钻头的研制与应用，井下增压器提高机械钻速的原理与应用
6.3负压脉冲射流提高机械钻速技术
负压射流提高机械钻速的机理，钻头附近负压的形成方法，负压脉冲射流提高机械钻速的现场应用

第七章 射流钻孔技术在才有工程中的应用
本章重点难点：旋转射流破岩机理
7.1旋转射流钻径向水平井技术
旋转射流喷嘴介绍，旋转射流钻孔特点，旋转射流钻径向水平井设备介绍
7.2深穿透钻孔技术
深穿透钻孔技术的应用背景，深穿透钻孔技术介绍
7.3射流清洗油井技术
井下污染物的组成及分类，射流清洗油井工具介绍，射流清洗油井施工流程介绍
7.4套管切割技术
套管切割技术背景，套管切割工具介绍，套管切割施工流程介绍

	
	Chapter1 Introduction
Learning objectives: the relation between science and engineering, classification of jets, flow properties of different jets
[bookmark: _GoBack]1.1 To introduce the purpose and conducting methods of the course, and background requirements for its study
The purpose why we should learn water jet technology, recommended learning method, review on the fluid dynamics knowledge
1.2 historical review of water jet technology
Water jet in ancient time, water jet in modern time, new development of water jet
1.3 classification of water jet and flow properties of water jet
Classification of water jet, flow properties of continuous jet, flow properties of pulse jet, flow properties of abrasive jet
1.4 applications of water jet technology
Applications of water jet in cleaning industry, applications of water jet in cutting industry

Chapter 2 Fundamentals of water jet dynamics
Learning objectives: flowfield properties of continuous jet, nozzle flow coefficient, methods to improve jet efficiency, three pressures in water jet technology, design method of water jet system
2.1 flowfield properties of continuous jet
Description of continuous jet, pressure distribution of continuous jet, velocity distribution of continuous jet
2.2 nozzle design and regression coefficients
Nozzle design methods, regression coefficients
2.3 flow rate coefficient of a nozzle
Definition of flow rate coefficient, physical meaning of flow rate coefficient
2.4 dynamic pressure of water jet
Definition of dynamic pressure, application of jet dynamic pressure
2.5 system design and calculation
Design contents of a jet system, related calculation during the design of a jet system

Chapter 3 Advanced jet
Learning objectives: cavitation, initial phase of cavitating jet, the influence of polymer addition
3.1 cavitating jet
Definition and general description of cavitation, cavitation incipiency modes,  cavitation number and parameter effects, study methods of cavitating jet, effect characteristics of cavitation, general observations on cavitation erosion
3.2 polymer solution jet
Micro mechanism of polyacrylamide on jet focusing, macro mechanism-amplification of flow structure, macromolecular polymer bombardment, drag-reducing function of polymer structures, molecule structure breaking at high speed flow, types and applications of additives, 
3.3 star-shaped jet
Back ground and aim, comparison research method, nozzle design, experiment methods, experiment results, conclusion

Chapter 4 Mechanisms of water jet cutting-influence of basic jet parameters
Learning objectives: cutting mechanism of brittle materials and ductile materials
4.1 impinging jet pressure distribution
Impinging jet pressure distribution, analysis of impinging jet distribution
4.2 influencing factors and development trend
Factors that can influence jet development, the influence of working parameters on jet development
4.3 cutting depth prediction
Experimental date regression, fuzzy logic analysis, grey theory analysis
4.4 cutting mechanism of water jet on materials with natural fractures
Analysis of materials with natural fractures, cutting mechanism of water jet on materials with natural fractures

Chapter 5 Abrasive jet
Learning objectives: influencing factors of abrasive jet, difference between pre-mixed jet and post-mixed jet, cutting mechanism of abrasive jet
5.1 generation of abrasive water jet
Generation of pre-mixed abrasive jet, generation of post-mixed abrasive jet
5.2 effect of AWJ parameters on the cutting results
The influence of pump pressure on the cutting performance, the influence of flow rate on the cutting performance, the influence of abrasive particles on the cutting performance
5.3 pre-mixed abrasive jet and post-mixed abrasive jet
Jet structure analysis of premixed abrasive jet, jet structure analysis of post-mixed abrasive jet
5.4 description of abrasive particles and its influence on cutting performance
Description of abrasive particles, the influence of abrasive particles on cutting performance
5.5 cutting mechanism of abrasive jet
Cutting mechanism of brittle materials, cutting mechanism of ductile materials

Chapter 6 Applications of water jet technology in assisted mechanical drilling
Learning objective: the influence of different methods on rate of penetration
6.1 effective use of jet energy at bottomhole
Effective use of jet energy at bottomhole, chip hold-down effect
6.2 ultra-high-pressure jet assisted mechanical drilling
Dual-pipe drilling method, ultra-pressure jet assisted drilling, downhole intensifier
6.3 negative pressure pulsed jet to improve drilling
How can negative pressure increase rate of penetration, how can form negative pressure around a drilling bit, field application of negative pressure pulse jet

Chapter7 Applications of water jet in production engineering
Learning objectives: rock breaking mechanism of swirling jet
7.1 swirling jet for USRRHW drilling
Swirling jet nozzle, hole forming characteristics with swirling jet, swirling jet for USRRHW drilling
7.2 high pressure water jet perforation of wells
Background knowledge of jet perforation, high pressure water jet perforation technology
7.3 high pressure rotating jets for near-well formation cleaning
Wellbore contamination, near-well cleaning tools, near-well cleaning procedure
7.4 versatile and cost effective applications
Background knowledge of casing cutting, casing cutting tools, casing cutting procedures

	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, 1.2
	2
	讲授
	0
	
	目标1

	
	1.3，1.4
	2
	讲授
	0
	
	目标3

	
	2.1，2.2
	2
	讲授
	0
	
	目标2

	
	2.3，2.4，2.5
	2
	讲授
	0
	
	目标2

	
	3.1
	2
	讲授
	0
	
	目标1

	
	3.2
	2
	讲授
	0
	
	目标1,3

	
	3.3
	1
	讲授
	0
	
	

	
	4.1，4.2
	2
	讲授
	0
	
	

	
	4.3，4.4
	2
	讲授
	0
	
	

	
	5.1，5.2
	2
	讲授
	0
	
	

	
	5.3，5.4
	2
	讲授
	0
	
	目标2

	
	5.5
	1
	讲授
	0
	
	

	
	6.1
	2
	讲授
	0
	
	

	
	6.2
	2
	讲授
	0
	
	

	
	6.3
	2
	讲授
	0
	
	目标2

	
	7.1，7.2
	2
	讲授
	0
	
	目标2

	
	7.3，7.4
	2
	讲授
	0
	
	目标2,3

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1.1, 1.2
	2
	Teaching
	0
	
	Outcome 1

	
	1.3，1.4
	2
	Teaching
	0
	
	Outcome 3

	
	2.1，2.2
	2
	Teaching
	0
	
	Outcome 2

	
	2.3，2.4，2.5
	2
	Teaching
	0
	
	Outcome 2

	
	3.1
	2
	Teaching
	0
	
	Outcome 1

	
	3.2
	2
	Teaching
	0
	
	Outcome 1,3

	
	3.3
	1
	Teaching
	0
	
	

	
	4.1，4.2
	2
	Teaching
	0
	
	

	
	4.3，4.4
	2
	Teaching
	0
	
	

	
	5.1，5.2
	2
	Teaching
	0
	
	

	
	5.3，5.4
	2
	Teaching
	0
	
	Outcome 2

	
	5.5
	1
	Teaching
	0
	
	

	
	6.1
	2
	Teaching
	0
	
	

	
	6.2
	2
	Teaching
	0
	
	

	
	6.3
	2
	Teaching
	0
	
	Outcome 2

	
	7.1，7.2
	2
	Teaching
	0
	
	Outcome 2

	
	7.3，7.4
	2
	Teaching
	0
	
	Outcome 2,3

	考核方式
Grading
	评价环节
	比例

	
	环节1 平时考勤
	30%

	
	环节2 期末考试
	70%

	
	环节3
	%

	
	环节4
	%

	
	Evaluation
	Percentage

	
	Evaluation 1：Attendance 
	30%

	
	Evaluation 2: Final examination
	70%

	
	Evaluation 3
	%

	
	Evaluation 4
	%

	教材及参考资料
Textbooks & Other Materials
	1．Fluid jet technology-Fundamentals and applications，Waterjet Technology Association，校内胶印，未知，等级1；
2. 工程流体力学，袁恩熙，石油工业出版社，2000年第一版，等级1

	
	1．Fluid jet technology-Fundamentals and applications，Waterjet Technology Association，none，none，level1；
2. Engineering fluid dynamics, Yuan En-xi, Petroleum Industry Press, year 2000 first edition, level 1

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	杨永印 王明波
	审核人(系/教研室主任)
Approved by
	步玉环


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

	实验1
	
	（院部代码基础上加3位）
	
	（实验室代码基础上加3位）
	
	
	（基础/专业基础/专业）
	（选做/必做）
	（演示性/验证性/综合性/设计性/创新性）
	
	
	
	（若为否，填写无法开出原因）

	实验2
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




