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	课程简介
Course Description
	多相管流理论与计算是为石油工程专业本科生在接触主干专业课之前开设的一门技术基础限选课。作为贯穿石油生产各环节的基础理论，多相管流是油井生产系统设计计算的依据，所有举升方法的设计都离不开多相管流计算。为加深对多相流体管道流动特征的认识并为工程设计和多相管流的研究提供基础，课程主要介绍有关多相流动在石油工业当中的应用、基本概念和基本流动模型以及流体物性参数计算。由于油井生产系统是由多种不同流动规律的子系统组成，因而本课程将着重介绍垂直管流、水平管流和倾斜管流的压降计算方法。
通过本课程的学习，要求学生初步了解多相流体在管道中运动的一般规律，掌握多相流体力学的基本概念、基本理论以及进行多相管流压力分布计算的基本方法，能运用基本理论分析和解决实际问题，为工程设计和多相流动研究奠定基础。

	
	The theory and calculation of multiphase pipe flow is a technical foundation for the petroleum engineering undergraduates to contact the major courses. As the basic theory of all aspects of petroleum production, multiphase pipe flow is the basis of design and calculation of oil well production system, and all lifting methods can not be separated from multiphase pipe flow calculation. To deepen our understanding of the flow of multiphase fluid pipeline characteristics and engineering design and research of multiphase flow in providing the foundation course mainly introduces the application and relevant calculation of multiphase flow in petroleum industry are among the basic concepts and basic flow model and fluid physical parameters. Since the production system of oil wells is composed of a number of subsystems with different flow patterns, the method of pressure drop calculation for vertical pipe, horizontal pipe and inclined pipe flow will be emphasized in this course.
Through this course, students are required to understand the multiphase fluid movement in the pipeline in general rules, the basic method of multiphase flow calculation of pressure distribution of basic concepts, grasp the basic theory of multiphase fluid mechanics and energy, using the basic theory to analyze and solve practical problems, for engineering design and research of multi-phase flow base.



	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：了解多相流体在石油工业当中的主要应用
	1.3

	
	目标2：掌握多相流体力学的基本概念、基本理论以及进行多相管流压力分布计算的基本方法
	2.2，

	
	目标3：能运用基本理论分析和解决实际问题
	1.4，3.2

	
	Learning Outcomes
	Major Objectives

	
	Target 1: to understand the major applications of multiphase fluids in the oil industry.
	1.3

	
	Target 2: Grasp the basic concepts of multiphase fluid mechanics, the basic theory and the basic method of calculating the pressure distribution of multiphase pipe flow
	2.2，

	
	Target 3: Ability to analyze and solve practical problems using basic theories
	1.4，3.2

	教学内容
Topics
	前言                                                                      
本章的重点难点：多相流的概念、多相流在石油工业中的研究意义。
学习本课程的目的、意义、基本内容和多相管流研究动向；多相流在石油工业当中的各项具体应用及研究意义；多相流的研究现状。
第一章 概论                                                               
本章的重点难点：气液两相流动的基本特征、气液两相流动参数的基本概念、体积含气率及截面含气率之间的转换关系。
1.1气液两相流的基本特征
对比气液两相流与单相液流的差别，气液相界面，两相分布情况，滑脱现象，和流量。
1.2研究两相流的基本方法
经验方法，半经验方法，理论分析方法及相关研究方法的定义与特点；流动型态的定义、影响因素、流型分类和流型图。
1.3气液两相流的基本参数。
流量、流速、滑脱速度与滑动比、含气率与含液率、流动密度与真实密度
第二章 气液两相流动的模型                                                
本章的重点难点：气液两相流动的模型的组成及各模型的特点，多相流压力梯度计算通式，摩擦阻力的折算系数，漂移模型的作用。
2.1均相流动模型
均相流动模型定义及特点，多相流压力梯度计算通式，均相流动模型的基本方程式，均相流动模型的压力梯度微分方程式，气液两相流能量平衡方程建立，部分相关参数的计算包括两相介质的平均密度、平均粘度和摩擦阻力折算系数。
2.2分相流动模型；
分相流动模型定义、特点及适用情况，分相模型的基本方程式和能量方程式。
2.3漂移流动模型。
漂移流动模型的优越性，漂移速度的概念及主要参数，漂移模型的基本表达式，漂移模型的作用。
2.4流动型态模型
流动型态模型定义和特点，模型的组成及流型的分类。
第三章 流体物性参数计算                                                   
本章的重点难点：井筒中油气之间的质量传递过程、给定压力和温度条件下油气混合物体积流量的计算方法。
3.1天然气的PVT参数计算
天然气的临界特性、压缩因子、密度、粘度的计算方法。
3.2原油的PVT参数计算
原油泡点压力的计算，溶解气油比的定义、影响因素和计算，原油体积系数的定义、影响因素和计算、原油粘度的影响因素分析和计算方法、原油密度、油气表面张力以及水-天然气表面张力的计算方法。
3.3水的PVT参数计算
地层水溶解气水比、密度、粘度、气水表面张力的计算方法。
第四章 多相管流温度计算                                                   
本章的重点难点：多相管流温度分布计算公式的建立。
4.1多相管流温度场的计算方法
多相管流温度场计算的意义和方法
4.2多相管流温度分布计算公式
温度分布计算公式推导及分析，公式的各项参数及取值，假设条件的分析，温度分布影响因素的分析。
第五章 垂直气液两相管流计算                                             
本章的重点难点：井筒多相流压力分布的计算方法、各多相流压力梯度计算方法的构成、机理模型与经验模型的区别、环空气液两相流和油气水三相流的计算方法。
5.1流型介绍及压力分布的计算方法
垂直气液两相流的流型分类，井筒多相流压力分布计算的分段迭代方法原理及步骤（按压力增量迭代和按深度增量迭代）
5.2丹斯—若斯方法
丹斯—若斯方法的实验条件及适用性，相关参数的定义及计算，流型图，重位压差，摩阻压差，摩阻压差的计算方法。
5.3哈格多恩—布朗方法
哈格多恩—布朗方法的适用性和压力梯度计算公式，有效空隙率和摩擦阻力系数的计算方法。
5.4奥齐思泽斯基方法
奥齐思泽斯基方法流型的判别方法，泡流、段塞流、过渡流、环流等流型压力梯度的计算。
5.5多相管流计算例题
奥齐思泽斯基方法压力降公式及流动型态划分界限，平均密度及摩擦损失梯度的计算。
5.6阿济兹—戈威尔—福格拉锡方法
阿济兹—戈威尔—福格拉锡方法的流动型态，流型的过渡界，限持液率以及摩阻梯度的计算。
5.7哈桑—卡比尔方法
机理模型与经验模型分类、各自的特点及区别，哈桑—卡比尔方法的流型判别，泡流、段塞流、搅动流、环流压力梯度的计算方法。
5.8安萨瑞方法
安萨瑞方法的原理及适用条件，流型的判别方式，泡流、段塞流、搅动流、环流压力梯度的计算方法。
5.9气液两相环空管流
环空气液两相流动的处理方法，水力当量直径计算方法，机理模型计算方法，铅直气液两相环空流动压差计算方法的评价。
5.10油气水混合物的多相流动
油气水三相流的简化计算方法，油气水混合物的密度、粘度、和表面张力的计算方法。
第六章 水平气液两相管流计算                                             
本章的重点难点：洛克哈特—马蒂内利方法建立思路、洛克哈特—马蒂内利方法与贝克方法的区别和联系、泰特尔-杜克勒水平管流流型判别法。
6.1流型介绍
水平气液两相流的流型的构成，泡状、团状流、层状流、波状流、冲击流、环状流和雾状流的定义及特点。
6.2洛克哈特—马蒂内利方法；
洛克哈特—马蒂内利方法的实验条件，建立思路和适用范围，相关参数的计算和应用方法。
6.3贝克方法
贝克方法的实验条件和适用条件，流型图及不同流型下压力梯度计算方法。
6.4泰特尔-杜克勒水平管流流型判别法
无因次动量平衡方程式的建立及相关参数的计算，流型转换的判别条件，包括自分层流转变为冲击流或环状流的判别、冲击流与环状流的判别、冲击流与环状流的判别、由冲击流转变为分散泡状流的判别。
6.5肖方法
简介肖方法的流动型态的判别和流型图，分层流模型、间歇流模型、段塞流模型、环状流模型和分散泡状流模型的压力梯度及相关参数的计算方法。
第七章 倾斜垂直气液两相管流计算                                           
本章的重点难点：贝格斯-布里尔方法的组成、管道倾角对持液率的影响机理。
7.1计算倾斜管流的贝格斯—布里尔方法
贝格斯—布里尔方法的实验参数范围，压力梯度的基本方程，重力梯度、摩擦梯度、加速度压力梯度及总压力梯度的计算。
7.2倾斜管流压力梯度的影响
管道倾角对持液率的影响机理，流动型态的确定，持液率的计算方法，摩擦阻力系数的计算方法。
专题1
井筒多相流研究与应用专题
重点：两相流体与单相流体测量参数的异同性
难点：两相流体参数的基本测量原理与方法井筒多相流研究与应用专题
井筒多相流应用背景、井筒多相流研究方法、气液两相流参数测量方法、井筒多相流研究新进展；
专题2
泡沫流体流动规律研究与应用专题
重点：泡沫流体基本性能
难点：泡沫流体管流计算泡沫流体基本性能、泡沫流体管流规律、泡沫流体渗流规律、泡沫流体在油气田开发中的应用

	
	Preface
The key and difficult points of this chapter are the concept of multiphase flow and the significance of multiphase flow in petroleum industry.
To study the purpose, significance, basic contents and research trends of multiphase pipe flow, the specific application and significance of multiphase flow in the petroleum industry, and the current research situation of multiphase flow.
Chapter 1 Introduction
The key and difficult points in this chapter are the basic characteristics of gas-liquid two-phase flow, the basic concepts of gas-liquid two-phase flow parameters, the relationship between volumetric gas content and cross section gas content.
1.1 The basic characteristics of gas-liquid two-phase flow
Comparing the gas-liquid two-phase flow with the single-phase liquid flow, the gas-liquid interface, two-phase distribution, slippage, and flow.
1.2 The basic method of studying two-phase flow 
Empirical methods, semi empirical methods, theoretical analysis methods and related research methods are defined and characterized; the definition of flow patterns, influencing factors, flow patterns, and flow patterns are presented.
1.3 Basic parameters of gas-liquid two-phase flow.
Flow rate, velocity, slippage velocity and slip ratio, gas content and liquid holdup, flow density and true density.
Chapter 2 The model of gas-liquid two-phase flow
The emphases and difficulties of this chapter are the composition of the model of gas-liquid two-phase flow, the characteristics of each model, the general formula for calculating the pressure gradient of multiphase flow, the translation coefficient of frictional resistance and the role of the drift model.
2.1 Homogeneous flow model
The definition and characteristics of homogeneous flow model, multiphase flow pressure gradient calculation formula, the basic equation of homogeneous flow model, homogeneous flow pressure gradient differential equation model of gas-liquid two-phase flow, energy balance equations, calculation of some related parameters including two-phase average density, the average viscosity and friction coefficient.
2.2 Phase flow model;
The definition, characteristics and application of the split flow model, the basic equation and energy equation of the split phase model are given.
2.3 Drift flow model.
The advantages of the drift flow model, the concept of drift velocity and the main parameters, the basic expressions of drift model, and the role of drift model are presented.
2.4 Flow pattern model
Flow pattern model definition and characteristics, model composition and classification of flow patterns.
Chapter3 The calculation of fluid physical parameters
The key and difficult points in this chapter are the mass transfer process between the oil and gas in the wellbore, and the calculation method of the volumetric flow rate of the oil and gas mixture under given pressure and temperature.
3.1 Calculation of PVT parameters of natural gas
The critical characteristics of natural gas, compressibility factor, density and viscosity are calculated.
3.2 Calculation of PVT parameters of crude oil
Calculation of crude oil bubble point pressure, gas oil ratio definition, influence factors and calculation of oil volume factor definition, influence factors and the influence factors of crude oil viscosity calculation, analysis and calculation method, the density of crude oil, oil and gas - gas water surface tension and surface tension calculation method.
3.3 Calculation of PVT parameters of water
Formation water, dissolved gas, water ratio, density, viscosity, surface tension of gas and water are calculated.
Chapter 4 The temperature calculation of multiphase pipe flow
The key and difficult points in this chapter are the establishment of the temperature distribution calculation formula of multiphase pipe flow.
4.1 Calculation method of temperature field in multiphase pipe flow
The significance and method of calculating temperature field in multiphase pipe flow
4.2 Calculation formula of temperature distribution in multiphase pipe flow
The calculation formula of temperature distribution is deduced and analyzed. The parameters and values of the formula, the analysis of the assumed conditions, and the analysis of the influence factors of the temperature distribution are given.
Chapter 5 The calculation of vertical gas-liquid two-phase pipe flow
Key points of this chapter: wellbore multiphase flow pressure distribution calculation method, the multiphase flow pressure gradient calculation method of structure, mechanism model and experience model, the difference between two-phase gas-liquid flow and oil gas water three-phase flow calculation method.
5.1 Flow Pattern introduction and calculation method of pressure distribution
The flow pattern classification of vertical gas-liquid two-phase flow, the principle and steps of the piecewise iterative method for calculating the pressure distribution of the multiphase flow in the wellbore (iterative by pressure increment and iterative by depth increment)
5.2 Denns-Ross method
The experimental conditions and methods - dans ruosi applicability, the definition of relevant parameters and calculation flow chart, the gravity differential pressure, friction pressure, calculation method of friction pressure difference.
5.3 Hagedorn- Brown method
The applicability of the Donne Brown method and the pressure gradient calculation formulas, effective void fraction and frictional drag coefficients are calculated.
5.4 Orkiszewski method
The discrimination method of Orkiszewski method, the calculation of the pressure gradient of bubbly flow, slug flow, transition flow and circulation.
5.5 Example of multiphase pipe flow calculation
Orkiszewski method, pressure drop formula and flow pattern division limit, average density and friction loss gradient calculation.
5.6 Aziz-Geweier-Fugelaxi method
Flow pattern Aziz-Geweier-Fugelaxi method, transition circle flow, the liquid holdup and the calculation of friction gradient.
5.7 Hasan Kabir method
Mechanism model and empirical model classification, their respective characteristics and differences, Hasan Kabir method of flow pattern discrimination, bubble flow, slug flow, agitation flow, circulation pressure gradient calculation method.
5.8 Ansary method.
The principle and applicable condition of the Ansary method, the discrimination method of flow pattern, the calculation method of bubble flow, slug flow, agitation flow and circulation pressure gradient.
5.9 Gas-liquid two-phase annular air traffic flow
Processing method of two-phase gas-liquid flow, hydraulic equivalent diameter calculation method, calculation method of mechanism model, vertical gas-liquid two-phase annular flow pressure evaluation calculation method.
5.10 Multiphase flow of oil, gas and water mixtures
Simplified calculation method of oil, gas and water three phase flow, calculation method of density, viscosity and surface tension of oil, gas and water mixtures.
Chapter 6 The calculation of horizontal gas-liquid two-phase pipe flow
Key points of this chapter: flow pattern discrimination method Lockhart-Martinelli difference method to establish the Lockhart-Martinelli and Beck method, Flow pattern discrimination method of Teitell Duke horizontal pipe flow. 
6.1 Flow pattern introduction
The composition of the flow pattern of horizontal gas-liquid two-phase flow, the definition and characteristics of bubble, mass flow, laminar flow, wavy flow, shock flow, annular flow and mist flow.
6.2 Lockhart Martinelli method;
The experimental conditions of Lockhart Martinelli method, the train of thought and scope of application, the calculation and application of related parameters.
6.3 Beck method
Experimental conditions and applicable conditions of Beck method, flow chart and calculation method of pressure gradient under different flow regimes.
6.4 Flow pattern discrimination method of Teitell Duke horizontal pipe flow.
To compute the dimensionless momentum balance equation and the related parameters, conditions of transition, including self-transformation, the impact for the impact of discrimination of laminar flow or annular flow and annular flow, the impact of discrimination, discrimination by flow impact flow into dispersed bubble flow and discrimination of annular flow.
6.5 Shaw method
The flow pattern and flow pattern of Shaw method are introduced, including the stratified flow model, the intermittent flow model, the slug flow model, the annular flow model and the dispersed bubble flow model.
Chapter 7 The calculation of the inclined vertical gas-liquid two-phase pipe flow
The key and difficult points in this chapter include the composition of Beggs-Brill method and the influence mechanism of pipe inclination on the liquid holdup.
7.1 Calculating inclined pipe flow of Biggs - Brill method
The experimental parameter range Biggs Brill method, the basic equations of pressure gradient calculation, gravity, friction gradient, pressure gradient of acceleration and total pressure gradient.
7.2 The influence of pressure gradient in inclined pipe flow
The influence mechanism of pipe inclination on the liquid holdup, the determination of flow pattern, the calculation method of liquid holdup and the calculation method of frictional resistance coefficient.
Topic 1
Special topics on research and application of wellbore multiphase flow
Key points: similarities and differences between two phase fluid and single-phase fluid measurement parameters
Difficulties: the basic measurement principle and method of two-phase fluid parameters, the study and application of multiphase flow in shafts
Wellbore multiphase flow application background, wellbore multiphase flow method, gas-liquid two-phase flow parameter measurement method and wellbore multiphase flow research progress;
Topic 2
Special topics on the study and application of foam fluid flow
Key points: foam fluid basic properties
Difficulties: the calculation of foam fluid pipe flow, the basic properties of foam fluid, the law of foam fluid pipe flow, the law of foam fluid percolation, and the application of foam fluid in the development of oil and gas fields.
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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。
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

	垂直管流实验
	
	（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）

	抽油泵泵效实验
	
	
	
	
	
	
	
	
	
	
	
	
	

	压裂仿真实训及裂缝导流能力测试实验
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




