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	课程简介
Course Description
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]本课程是一门直接面向现场实际问题的专业选修课，是石油工程专业课的深入与延伸。本课程针对复杂油气开采中所面临的问题，以泡沫流体基础理论为基础，系统讲授泡沫流体在钻井、完井、增产措施、井下作业、调剖堵水以及提高采收率方面应用的基本原理、设计计算方法、工艺技术和现场应用实例、新技术及发展方向。为学生毕业后正确地进行相关工艺选择和设计奠定基础，同时对学生进行科学研究基本方法和基本环节的训练。

	
	The course is a major optional course based on field problems, and it is an extension of petroleum engineering courses. This course aims at solving the problems in complex oil and gas exploitation. Based on the foam fluid foundation theory, the application of foam fluid in drilling, completion, stimulation, downhole operation, profile control, water shutoff and EOR is discussed. At the same time, it explains its basic principle, design calculation method, process technology and field application example, new technology and development direction. It lays the foundation for students to correctly select and design relevant processes after graduation, and at the same time carry out the training of the basic methods and basic links in scientific research. 



	课程教学大纲
Course Syllabus

	9.2课程目标
Learning Outcomes
	课程目标
	毕业要求指标点

	
	目标1：掌握泡沫基本知识，了解泡沫在油气开采中的应用。
	1.4，2.1

	
	目标2：了解工程设计的基本概念和一般流程，了解科学研究的基本过程和环节。
	3.2，4.1

	
	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
	9.2，10.2

	
	Learning Outcomes
	Major Objectives

	
	Target 1：Master the basic knowledge of foam and understand the application of foam in oil and gas production.
	1.4，2.1

	
	Target 2：Learn about the basic concepts and general processes of engineering design, and grasp the basic process and links of scientific research.
	3.2，4.1

	
	Target 3：Through the practice of the curriculum project, cultivate the ability to reveal problems, and teamwork skills to solve engineering problems.
	9.2,10.2

	教学内容
Topics
	第一章 前言                                                          
泡沫的概念；泡沫的应用：消防、建筑、食品、矿业、石油；泡沫特点：密度低、调剖能力强、对原油敏感、弹性能量大、携液（颗粒）能力强；本课程的内容体系、教学规划；科学研究基本方法、基本环节和过程；前言知识讲座。
第二章 泡沫基础                                                      
本章的重点难点：泡沫的表征参数及其测量方法，泡沫的基本性质及其影响因素
2.1泡沫的形成及类型                                                
泡沫的形成方法：搅拌法、气液多孔或网状结构介质；起泡剂、消泡剂、稳泡剂；干泡沫、湿泡沫；膜分离制氮、泡沫发生器。
2.2泡沫的表征参数及其测量方法                                      
泡沫的表征参数：泡沫质量、持液率、气液比、起泡体积、半衰期、阻力因子、残余阻力因子；泡沫参数的测量和评价方法：搅拌法、Rose-Miles法、气流法、岩心流动实验法。
2.3泡沫的基本性质及其影响因素                                      
泡沫的稳定性：泡沫衰变机理、稳定性影响因素；假塑性流体、流变性及其影响因素；高压物性计算。
第三章 泡沫管流计算                                              
本章的重点难点：泡沫管流控制方程及其求解方法
3.1泡沫管流控制方程及其求解方法                                      
圆管内动量守恒方程、环空内动量守恒方程、能量守恒方程、泡沫状态方程、范宁阻力系数计算、分段迭代求解。
3.2泡沫管流流场分布                                                  
假塑性流体在圆管和环空中的流场分布、流变指数影响、稠度系数影响。
第四章 泡沫渗流                                                      
本章的重点难点：多孔介质中泡沫产生和消泡机理，泡沫渗流特征及其影响因素
4.1多孔介质中泡沫产生和消泡机理                                      
产生机理：缩颈分离、薄膜分断、液膜滞后；消泡机理：液膜排液、气体扩散。
4.2泡沫渗流特征及其影响因素                                          
渗流特征：油水层选择性、渗透率选择性；对相渗影响；影响因素：气液流速、气液比、渗透率、非均质性。
4.3泡沫渗流数值模拟方法                                             
阻力因子模型、总量平衡模型。
第五章 泡沫钻完井技术                                            
本章的重点难点：泡沫钻完井适用条件及特点、主要设备及工艺
5.1泡沫钻井液      
泡沫钻井液特点、适用地层；开式循环、闭式循环；消泡技术；钻井过程中井筒压力计算。
5.2泡沫水泥浆固井                 
泡沫水泥浆特点、适用条件；泡沫水泥浆性能指标；泡沫水泥浆制作方法：机械充气、化学发气；施工工艺：定排量注气、变排量注气；
5.3泡沫携砾石充填             
砾石充填过程；泡沫携砾石充填特点、适用条件；工艺过程。
第六章 泡沫作业技术                                    
本章的重点难点：泡沫作业技术的适用条件及特点，泡沫冲砂洗井模型
6.1泡沫冲砂洗井                                                     
泡沫冲砂洗井中关键问题分析；泡沫冲砂洗井特点、适用条件；直井、斜井、水平井泡沫携砂规律；泡沫冲砂洗井模型；应用井例。
6.2泡沫排液                       
泡沫携液机理、适用条件；深井排液；注入工艺；典型井例。
6.3泡沫混排解堵           
泡沫混排、解堵机理、适用条件；工艺方法；典型井例。
科研设计研讨：就某项技术科研立项进行研讨，研讨立项开题所需要解决的关键问题，设定课题目标，就关键问题设置研究内容和技术指标，指导学生撰写开题报告。
第七章 泡沫压裂及酸化技术                                            
本章的重点难点：泡沫压裂及酸化特点、适用条件, 泡沫酸化设计方法
7.1泡沫压裂                      
泡沫压裂液概念、特点及发展历程；二氧化碳泡沫压裂液、氮气泡沫压裂液；携砂性能、临界沉降流速、临界再悬浮流速、滤失性、岩心伤害；管流变；施工工艺；典型井例。
7.2泡沫酸化         
泡沫酸洗、泡沫分流酸化；泡沫酸化特点、适用条件；设计方法；典型井例。
工程设计研讨：给定实际井例，引导学生分析油井存在的主要问题，并进行工程设计，让学生了解工程设计中的HSE知识，形成设计报告。
第八章 泡沫调剖堵水                                                  
本章的重点难点：不同类型泡沫调堵措施的适用条件及特点，蒸汽吞吐井泡沫调剖设计方法
8.1泡沫调剖堵水概述
泡沫调剖堵水机理、特点、适用条件；常规泡沫调剖堵水、冻胶泡沫调剖堵水、高温强化泡沫调剖堵水；
8.2蒸汽吞吐井氮气泡沫调剖
蒸汽吞吐井氮气泡沫调剖及其设计方法；边底水整体调堵；典型井例分析。
工程案例分析一。
第九章 泡沫调驱提高采收率                                     
本章的重点难点：泡沫调驱提高采收率机理，泡沫调驱特点及其效果影响因素
9.1泡沫调驱概述                     
泡沫调驱定义、特点、适用条件；常规泡沫调驱、强化泡沫调驱、复合泡沫调驱、低张力泡沫调驱、多相泡沫调驱；泡沫调驱提高采收率机理、影响因素：气液比、渗透率、注入量、渗透率级差 、注入速度、注入方式 、泡沫类型。
9.2泡沫调驱工艺及应用   
泡沫调驱工艺；典型井例分析。    
工程案例分析二。

	
	Chapter 1  Introduction
    The concept of the foam; foam applications: fire protection, construction, food, mining, petroleum; foam characteristics: low density, strong profile control ability, sensitive to crude oil, large elastic energy, strong carrying liquid(particles) ability; the content system and teaching plan of the course; the basic methods, basic links and process of scientific research.
  
Chapter 2  The Basis of Foam
    The key and difficult points of this chapter: the foam characterization parameters and its measurement methods, the basic properties of foam and its influencing factors.
  2.1 The formation and type of foam
  The generation methods of foam: stirring method, gas-liquid porous or reticular structure medium; foaming agent, defoaming agent, foam stabilizer; dry foam, wet foam; membrane separation nitrogen production, foam generator. 
  2.2 The foam characterization parameters and its measuring methods
  The characterization parameters of foam: foam quality, liquid holdup, gas-liquid ratio, foaming volume, half-life period, resistance factor, residual resistance factor; measurement and evaluation method of foam parameters: stirring method, Rose-Miles method, air flow method, core flow test.
  2.3 The basic properties of foam and its influencing factors
  The stability of foam: mechanism of foam decay, influencing factors of stability; pseudoplastic fluid, rheology and its influencing factors; calculation of high pressure physical properties.
  
Chapter 3  Calculation of Foam Pipe Flow
  The key and difficult points of this chapter: the control equation of foam pipe flow and its solutions.
  3.1 The control equation of foam pipe flow and its solutions
  The conservation equation of the momentum in the tube, the conservation equation of the momentum in the annulus, the energy conservation equation, the foam state equation, calculation of the Fanning resistance coefficient, and the segmented iterative solution.
  3.2 Foam pipe flow field distribution
  The flow field distribution of pseudoplastic fluid in the tube and annulus, the influence of the rheological index and consistency coefficient.
  
Chapter 4  Foam Flow in Porous Media
  The key and difficult points of this chapter: foam generation and defoaming mechanism in porous media, the characteristics of foam flow in porous media and its influencing factors.
  4.1  Foam Generation and Defoaming Mechanism in Porous Media
  Mechanism of generation: shrinkage separation, film breaking, liquid film lag; Mechanism of defoaming: liquid film drainage, gas diffusion.
  4.2  Characteristics of Foam Flow in Porous Media and Its Influencing Factors
  Flow characteristics: selectivity of oil and water layer, permeability selectivity; the impact on effective permeability; Influencing factors: gas-liquid flow velocity, gas-liquid ratio, permeability, heterogeneity.
  4.3  Numerical Simulation of Foam Flow in Porous Media
  Resistance factor model, total equilibrium model.
  
Chapter 5  Foam Drilling and Completion Technology 
  The key and difficult points of this chapter: the applicable conditions and characteristics of foam drilling and completion, the main equipment and technology.
  5.1  Foam Drilling Fluid
  Foam drilling fluid characteristics, applicable formation; open cycle, closed cycle; defoaming technology; calculation of wellbore pressure in drilling process.
  5.2  Foam Cement Slurry for Well Cementation
  The characteristics and applicable conditions of foam cement slurry; the performance index of foam cement slurry; the method of making foam cement slurry: mechanical aeration, chemical foaming; construction process: constant and variable displacement gas injection.
  5.3  Foam Gravel Packing
  Gravel packing process; characteristics of foam gravel packing, applicable conditions; process.
 
Chapter 6  Foam Operations Technology
  The key and difficult points of this chapter: the applicable conditions and characteristics of the foam operations technology, sand flushing and well washing model with foam.
  6.1  Foam sand flushing and well washing.
  Analysis of the key problems in sand flushing and well washing with foam: the applicable conditions and characteristics of the sand flushing and well washing; the law of foam carrying sand in the vertical well, inclined well and horizontal well; sand flushing and well washing model; application examples.
  6.2  Foam Drainage
  The mechanism and applicable conditions of foam carrying fluid; cleanup in deep well; injection process; typical examples of wells.
  6.3  Foam Drainage Plug Removal
  The mechanism and applicable conditions of foam drainage plug removal; process method; typical examples of wells.
  Seminars about design in scientific research: discussing the setup of a technical research project, and the key problem needed to be solved in the project proposal. Setting research content and technical indicators of key issues. Guiding students to write a thesis proposal.
  
Chapter 7  Foam Fracturing and Acidizing Technology
  The key and difficult points of this chapter: the applicable conditions and characteristics of the foam fracturing and acidizing technology, the design method of foam acidizing.
  7.1  Foam Fracturing
  The concept, characteristics and development process of foam fracturing fluid; carbon dioxide foam fracturing fluid, nitrogen foam fracturing fluid; critical settling velocity, critical resuspension velocity, filtration, core damage; rheology of pipe flow; construction process; examples of typical wells.
  7.2  Foam Acidizing
  Foam acid washing, foam diversion acidizing; the applicable conditions and characteristics of the foam acidizing; design method; examples of typical wells. 
  Engineering design seminar 1: Given the actual wells, guide students to analyze the main problems of oil wells, and carry out engineering design, so that students understand the HSE knowledge of engineering design, and form the design reports.
  
Chapter 8  Profile Control and Water Plugging with Foam
  The key and difficult points of this chapter: the applicable conditions and characteristics of profile control and water plugging with different types of foam, the design method of profile controlling and water plugging foam in steam stimulation wells.
  8.1  Summary of Foam Profile Controlling and Water Plugging
  The mechanism, characteristics and applicable conditions of foam profile controlling and water plugging; conventional foam profile controlling and water plugging, gel foam profile controlling and water plugging, high temperature enhanced foam profile controlling and water plugging.
  8.2  Profile Controlling and Water Plugging with Nitrogen Foam in Steam Stimulation Wells
  The profile controlling and water plugging with nitrogen foam in steam stimulation wells and its design methods; the overall profile controlling and water shutoff of edge and bottom water; analysis on typical wells.
  Case study of Engineering 1.
  
Chapter 9  Enhanced Oil Recovery by Foam Flooding
  The key and difficult points of this chapter: The mechanism, characteristics and effect factors of foam flooding.
   9.1  Summary of Foam Flooding
  The definition, characteristics and applicable conditions of foam flooding; conventional foam flooding, enhanced foam flooding, composite foam flooding, low tension foam flooding, multiphase foam flooding; the mechanism and influenced factors of foam flooding to enhance oil recovery: gas liquid ratio, permeability, injection volume, permeability range, injection rate, injection method, foam types.
  9.2  The Technology and Applications of Foam Flooding
Foam profile control and flooding technology analysis of typical wells.
Case study of Engineering 2.

	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
	3
	讲授
	
	
	目标1
目标2

	
	2.1
	1
	讲授
	
	
	目标1

	
	2.2
	1
	讲授
	
	
	目标1

	
	2.3
	1
	讲授
	
	
	目标1

	
	3.1
	1
	讲授
	
	
	目标1

	
	3.2
	1
	讲授
	
	
	目标1

	
	4.1
	1
	讲授
	
	
	目标1

	
	4.2
	1
	讲授
	
	
	目标1

	
	4.3
	1
	讲授
	
	
	目标1

	
	5.1
	1
	讲授
	
	
	目标1

	
	5.2
	0.5
	讲授
	
	
	目标1

	
	5.3
	0.5
	讲授
	
	
	目标1

	
	6.1
	1
	讲授
	
	
	目标1
目标2

	
	6.2
	1
	讲授
	
	
	目标1

	
	6.3
	1
	讲授
	
	
	目标1

	
	科研分析研讨
	2
	讨论
	2
	设计报告
	目标2
目标3

	
	7.1
	1
	讲授
	
	
	目标1

	
	7.2
	1
	讲授
	
	
	目标1

	
	工程设计研讨
	2
	讨论
	2
	设计报告
	目标2
目标3

	
	8.1
	2
	讲授
	
	
	目标1

	
	8.2
	2
	讲授
	
	
	目标1

	
	工程案例分析一
	2
	讲授、讨论
	
	
	目标1
目标2

	
	9.1
	1
	讲授
	
	
	目标1

	
	9.2
	1
	讲授
	
	
	目标1

	
	工程案例分析二
	2
	讲授、讨论
	
	
	目标1
目标2

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1
	3
	Teaching
	
	
	Outcome 1
Outcome 2

	
	2.1
	1
	Teaching
	
	
	Outcome 1

	
	2.2
	1
	Teaching
	
	
	Outcome 1

	
	2.3
	1
	Teaching
	
	
	Outcome 1

	
	3.1
	1
	Teaching
	
	
	Outcome 1

	
	3.2
	1
	Teaching
	
	
	Outcome 1

	
	4.1
	1
	Teaching
	
	
	Outcome 1

	
	4.2
	1
	Teaching
	
	
	Outcome 1

	
	4.3
	1
	Teaching
	
	
	Outcome 1

	
	5.1
	1
	Teaching
	
	
	Outcome 1

	
	5.2
	0.5
	Teaching
	
	
	Outcome 1

	
	5.3
	0.5
	Teaching
	
	
	Outcome 1

	
	6.1
	1
	Teaching
	
	
	Outcome 1
Outcome 2

	
	6.2
	1
	Teaching
	
	
	Outcome 1

	
	6.3
	1
	Teaching
	
	
	Outcome 1

	
	Research and Analysis
Discussion
	2
	Discussion
	2
	Project
	Outcome 2
Outcome 3

	
	7.1
	1
	Teaching
	
	
	Outcome 1

	
	7.2
	1
	Teaching
	
	
	Outcome 1

	
	Engineering Design
Discussion 
	2
	Discussion
	2
	Project
	Outcome 2
Outcome 3

	
	8.1
	2
	Teaching
	
	
	Outcome 1

	
	8.2
	2
	Teaching
	
	
	Outcome 1

	
	Engineering Case Analysis Ⅰ
	2
	Teaching、Discussion
	
	
	Outcome 1
Outcome 2

	
	9.1
	1
	Teaching
	
	
	Outcome 1

	
	9.2
	1
	Teaching
	
	
	Outcome 1

	
	Engineering Case Analysis Ⅱ
	2
	Teaching、Discussion
	
	
	Outcome 1
Outcome 2

	考核方式
Grading
	评价环节
	比例

	
	环节1 科研分析考查
	[bookmark: _GoBack]40%

	
	环节2工程设计考查
	40%

	
	环节3 平时表现
	20%

	
	Evaluation
	Percentage

	
	Evaluation 1 Research and Analysis
	40%

	
	Evaluation 2 Engineering Design
	40%

	
	Evaluation 3 Performance in class
	20%

	教材及参考资料
Textbooks & Other Materials
	1．《泡沫流体在油气开采中的应用》，李兆敏，石油工业出版社，2010；
2．《强化泡沫驱提高原油采收率技术》，王增林，中国科学技术出版社，2007；
3．《采油工程原理与设计》，张琪，石油大学出版社，2000；
4．《采油工程手册》（上、下），万仁溥，石油工业出版社，2000年；
5．《泡沫、乳状液的稳定化及其应用》，燕永利 ，化学工业出版社，2013；
6．《空气泡沫调驱提高采收率技术》，吴信荣、林伟民、姜春河，石油工业出版社，2010.
7．《油气开采工程》，何生厚、张琪，北京：中国石化出版社，2003；
8．《非牛顿流体力学》，李兆敏、蔡国琰，石油大学出版社，1998.

	
	1. Li Zhaomin, Application of foam fluid in oil and gas extraction, Petroleum Industry Press, 2010, Level.
2. Wang Zenglin, Enhancing oil recovery by foam flooding, China Science and Technology Press, 2007, Level.
3. Zhang Qi, Principles and design of oil production engineering, Petroleum Industry Press, 2000, Level.
4. Wan Renfu, Handbook of oil production engineering, Petroleum Industry Press, 2000, Level.
5. Yan Yongli, Handbook of oil production engineering, Chemical Industry Press, 2013, Level.
6. Wu Xin, Enhanced recovery technology of air foam flooding, Petroleum Industry Press, 2010, Level.
7. He Shenghou, Oil and gas extraction project, Beijing: Sinopec press, 2003, Level.
8. Li Zhaomin, Non-newtonian fluid mechanics, Petroleum University Press, 1998, Level.
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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。

