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	目标1：掌握油气渗流力学的基本概念和求解渗流问题基本方法，并能在油气开发领域熟练应用。
	1.3，1.4

	
	目标2：掌握油气渗流领域理论发展现状及前沿动态，能够分析油气开发过程中的复杂渗流问题，并获得到有效解决。
	2.1，2.2，5.1

	
	目标3：能够基于渗流力学的原理和方法对油气开发领域内的复杂渗流问题进行研究，对实验、计算结果进行分析、解释。
	4.1，4.2，5.2

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: Master the basic concepts of mechanics of oil and gas flow in porous media and the basic methods of solving the fluid flow problems, and can be used in the field of oil and gas development.
	1.3，1.4

	
	Outcome 2: Master the research status and development trend of oil and gas flow in porous media, to analyze the complex fluid flow problems in the process of oil and gas development, and obtian an effective solution.
	2.1，2.2，5.1

	
	Outcome 3: It is possible to study the complex flow problem in the field of oil and gas development based on the principle and method of mechanics of oil and gas flow in porous media, and analyze and explain the experiment and calculation results.
	4.1，4.2，5.2

	教学内容
Topics
	绪论
介绍渗流力学的概念、特点、分类、发展历程、研究热点。
第一章  渗流的基本概念和基本规律
本章重点及难点：重点是达西渗流公式的应用及其各参数的单位；难点是：连续介质场、折算压力概念、达西公式在倾斜地层中的应用、非线性渗流的影响因素及多相流体对渗流影响的内在本质。
1.1油气藏及其简化
本节为地质学与渗流力学的衔接，根据油气渗流的特点和渗流力学研究的需要，将地质上非常复杂的油气藏进行简化。
1.2多孔介质及连续介质场
本节为油层物理学与渗流力学的衔接，从渗流力学的角度介绍多孔介质的特点，以及渗流力学研究的基本假设：连续流体、连续多孔介质、连续介质场的概念。
1.3渗流过程中的力学分析及驱动类型
介绍油气渗流过程中受到哪些力的作用，分析动力和阻力；各种压力的概念；驱动油气渗流的能量来源，各种驱动方式的形成条件及特点。
1.4渗流的基本规律及渗流方式
在油层物理学的基础上介绍达西定律；介绍三种基本的渗流方式及其组合。
1.5非线性渗流规律
介绍非线性渗流的概念、形成的原因、判断方法及表达方式。
1.6低速下的渗流规律
介绍低速条件下吸附膜、水化膜以及其他滑脱效应对渗流的影响，不同条件下运动方程的表达方式、特点。
1.7两相渗流规律
在油层物理学的基础上，介绍两相渗流过程中的附加阻力，理解两相（多相）渗流的复杂性。
讨论课：
线性渗流与非线性渗流的区别，非线性渗流形成与储层及流体性质的关系，应用领域及研究现状。
第二章  油气渗流的数学模型
本章重点及难点：重点内容是运动方程、状态方程、连续性方程及弹性渗流数学模型的推导；难点是连续性方程的推导。
2.1建立油气渗流数学模型的原则 
介绍油气渗流数学模型的一般结构，建立模型的基础及步骤。
2.2运动方程、状态方程和连续性方程（质量守恒方程）
介绍运动方程、流体及岩石的状态方程，推导单相渗流、两相渗流的连续性方程。
2.3典型油气渗流微分方程的推导
根据建立渗流数学模型的方法和步骤，推导建立单相不可压缩液体稳定渗流、弹性多孔介质单相微可压缩液体不稳定渗流、油水两相渗流的综合微分方程。
2.4数学模型的边界条件和初始条件
介绍求解微分方程必需的初始条件和边界条件，结合实例介绍不同类型的初边值条件。
第三章  单相液体稳定渗流理论
本章重点及难点：重点是渗流基本方程及其解、势的叠加原理的内在本质及应用条件、渗流速度、压力梯度和势函数、流函数及复势之间的相互联系，应用势的叠加、镜像反映、复势叠加、等值渗流阻力等方法求解多井、边界效应等渗流问题的原理和步骤；难点是叠加原理的运用和复势、保角变换求解方法。
3.1单相液体稳定渗流基本方程的解及其应用  1.5学时
从单相液体渗流的数学模型出发，对单向流、平面径向流、球面向心流等渗流问题进行求解，明确各渗流问题的压力、压力梯度分布、渗流速度、产量的计算及特征，介绍变渗透率问题的求解。
3.2井的不完善性对渗流的影响
介绍井的不完善类型及其适用条件、井的不完善性引起产量变化的原因以及估计不完善性对渗流影响的方法。
3.3油井的稳定试井
介绍稳定试井的概念及解决问题的方法。
3.4势的叠加原理与多井干扰理论
分析井的干扰现象及实质；从势的基本概念入手，举例说明势的理论在渗流力学中的应用，介绍势的叠加原理及求解多井干扰渗流问题的方法和步骤；并介绍渗流速度的合成原则。
3.5势的叠加原理的典型应用
分别介绍等产量一源一汇、等产量两汇渗流问题的求解，明确其中的特殊渗流现象，并分析矿场实践中解决这些问题的思路和方法。
3.6考虑边界效应的镜像反映法
考虑边界效应的概念，直线供给边缘附近一口生产井的汇源反映法、直线不渗透边界附近一口生产井的汇点反映法、复杂边界的反映、圆形供给边界偏心井的反映。
3.7复势理论在平面渗流问题中的应用
势函数、流函数和复势的概念、特征及相互关系，复势叠加原理及其在解决多井工作问题中的应用。
3.8用保角变换法求解平面渗流问题
保角变换(映射)的概念，变换前后相关参数的关系，保角变换在平面渗流场中的应用。
3.9等值渗流阻力法
水电相似原理，等值渗滤阻力法在多排井上的应用以及等值渗流阻力的计算方法。
讨论课：
解决平面渗流问题的常用方法，对比分析各方法的适用条件、解决哪些问题、求解的思路；在各类复杂渗流问题中的应用，如分支水平井、多级压裂水平井、稠油热采等。
第四章  弹性微可压缩液体的不稳定渗流
本章重点及难点：重点是不稳定渗流物理过程、无限大地层典型解及其应用、叠加原理在不稳定渗流问题尤其是变产量叠加问题的应用；难点是无限大地层典型解的求解方法和过程，变产量生产时压降叠加的实质内涵。
4.1不稳定渗流的物理过程
不同内外边界条件下不稳定渗流的物理过程、特点，从驱动能量的角度分析压力变化的实质。
4.2弹性不稳定渗流无限大地层典型解
求解无限大地层弹性不稳定渗流的数学模型，分析典型解的特点，近似解的适用条件。
4.3弹性不稳定渗流有界地层典型解  
求解有界地层弹性不稳定渗流问题的思路及解的形式。
4.4弹性不稳定渗流的叠加与映射
多井同时工作时的压降叠加原理，井以阶梯状变产量生产时的压降计算，镜像反映理论的应用。
4.5圆形封闭地层中心一口井拟稳态时的近似解
介绍求解圆形封闭地层中心一口井拟稳态渗流问题的近似方法及过程。
4.6*带时间变量边界条件的不稳定渗流——杜哈美原理（自学）
Duhamel定理的数学描述、某些特殊情况下的数学表述以及Duhamel定理在求解变产量渗流问题中的应用。
4.7油井的不稳定试井
不稳定试井的概念、分类及能解决的问题；压力降落、压力恢复试井的基本原理及在不同条件下的应用。
讨论课：
根据常规试井解释的主要原理，分析其优缺点，结合实际油藏的复杂特征，明确试井解释中应考虑的因素，求解方法，在工程实践中的应用。
第五章  气体渗流理论
本章重点及难点：重点是气体渗流的基本数学模型、气体稳定渗流与不稳定渗流的基本解；难点是气体渗流中压力函数的定义及应用。
5.1气体渗流的数学模型
在介绍气体渗流运动方程、状态方程、连续性方程的基础上，建立气体渗流的数学模型。
5.2气体稳定渗流 
服从线性渗流定律的气体单向、平面径向稳定渗流的求解，服从非线性渗流定律的气体平面径向稳定渗流的求解，各种条件下的渗流特征。
5.3气井的稳定试井
气井的稳定试井的原理及应用。
5.4气体不稳定渗流微分方程的典型解 
介绍不同内外边界条件下气体不稳定渗流的数学模型及典型解。
5.5气井的不稳定试井
气井压力降落、压力恢复试井的原理、分析方法及应用。
第六章  油水两相渗流理论
本章重点及难点：重点是活塞式水驱油过程中产量与油水粘度的关系、分流量方程以及非活塞式水驱油的影响因素、饱和度分布及变化规律，等饱和度面移动方程、前缘含水饱和度、平均含水饱和度方程，见水时间及采出程度计算；难点是Buckley-leverett水驱油理论。
6.1油水两相渗流的基本微分方程
考虑毛管力的油水两相渗流、不考虑毛管力时的油水两相渗流、考虑重力作用的油水两相渗流等问题的基本微分方程。
6.2活塞式水驱油
考虑油水粘度差的单向渗流、水平径向渗流的产量、见水时间求解方法及其与油水粘度的关系。
6.3非活塞式水驱油
水驱油的非活塞性特点及其影响因素、油水两相渗流的Buckley-leverett水驱油理论、油水两相渗流区的渗流阻力及产量变化规律。
讨论课：
活塞式水驱油与非活塞式水驱油的区别、联系；Buckley-leverett水驱油理论的假设条件、局限性，解决方法；多维多相渗流问题的求解方法。
第七章  油气两相渗流理论
本章重点及难点：重点是油气两相稳定渗流与不稳定渗流的分析方法，难点是油气两相不稳定渗流的求解思路。
7.1油气两相渗流的物理过程
油气两相渗流的特点及溶解气驱油气渗流的物理过程。
7.2油气两相渗流的数学模型
在分析油气两相渗流的运动方程、状态方程、连续性方程的基础上，建立油气两相渗流的数学模型。
7.3油气两相稳定渗流
油气两相渗流的生产气油比，油气两相平面径向稳定渗流的求解。
7.4油气两相不稳定渗流
介绍含油饱和度、平均地层压力的变化规律，应用稳定状态逐次替换法求解油气两相不稳定渗流问题。

	
	Introduction
   This part introduces the concept, characteristics, classification, development course and research hotspot of mechanics of oil and gas flow in porous media.
Chapter 1 The basic concepts and basic laws of fluid flow in porous media
Main points and difficulties: The main points are the application of the Darcy’s formula and the units of its parameters. The difficulties are: continuous media field, the concept of conversion pressure, the application of Darcy's formula in inclined stratum, the influencing factors of nonlinear flow in porous media and the intrinsic essence of the influence of multiphase fluid on the flow in porous media.
1.1 Oil and gas reservoirs and simplification
This section is the convergence of geology and mechanics of fluid flow in porous media, according to the characteristics of oil and gas flow in porous media and research needs of mechanics of fluid flow in porous media, to simplify very complex geological reservoirs.
1.2 porous media and continuous media field
This section is the convergence of Petrophysics and mechanics of fluid flow in porous media. This section introduces the characteristics of porous media from the perspective of seepage mechanics, and the basic assumptions of mechanics of fluid flow in porous media: the concept of continuous fluid, continuous porous media and continuum media field.
1.3 Mechanics analysis and driving types of fluid flow process
Introduce the effects of oil and gas seepage process, analyze the power and resistance; the concept of various pressures; the source of energy to drive oil and gas flow, the formation conditions and characteristics of various driving types.
1.4 The basic law and flow style of fluid flow in pours media
Introduce the Darcy's law on the basis of petrophysics; introduce three basic flow styles of fluid flow in pours media and their combinations.
1.5 nonlinear flow in porous media
Introduces the concept of nonlinear flow in porous media, the reason of formation, the method of judging and the way of expression.
1.6 fluid flow in porous media at low speed
The effects of adsorption film, hydration film and other slip effects on fluid flow under low speed conditions are introduced. The expression and characteristics of the equation of motion under different conditions are introduced.
1.7 Two-phase flow in porous media
Based on the petrophysics, the additional resistance in the two-phase flow process is introduced, and the complexity of the two - phase (multiphase) flow in porous media is understood.
Discussion Class:
The difference between linear flow and nonlinear flow in porous media, the relationship of nonlinear flow formation and reservoir and fluid properties, application field and research status.
Chapter 2 Mathematical model of oil and gas flow in porous media
Main points and difficulties: The main points are motion equation, state equation, continuity equation and the derivation of elastic flow model. The difficulty is the derivation of continuity equation.
2.1 Principles for establishing mathematical models of oil and gas flow in porous media
The general structure of the mathematical model of oil and gas flow in porous media is introduced, and the foundation and steps of the model are established.
2.2 Equation of motion, state equation and continuity equation (mass conservation equation)
The equations of motion, the state equation of fluid and rock are introduced, and the continuity equation of single - phase and two - phase flow in porous media are derivated.
2.3 Derivation of differential equations for typical oil and gas flow in porous media
Based on the methods and steps of establishing the mathematical model of fluid flow in porous media, the synthetic differential equations of single - phase incompressible liquid steady flow, elastic porous media single - phase micro - compressible liquid unsteady flow, and oil-water two - phase flow in porous media are derivated.
2.4 Boundary conditions and initial conditions of mathematical models
The initial conditions and boundary conditions necessary for solving differential equations are introduced. The different types of initial boundary conditions are introduced by examples. 

Chapter 3 Theory of single - phase liquid steady flow in porous media
Main points and difficulties: The main points are the principles and steps of the basic equation of fluid flow in porous media and its solution, the intrinsic essence of the superposition principle and the application conditions, the velocity of fluid flow in porous media, the pressure gradient and the potential function, the interconnection of the flow function and the complex potential, mirror reflection, complex potential superposition, equivalent seepage resistance and other methods to solve the multiple wells, boundary effects and other problems of fluid flow in porous media. The difficulty is the application of superposition principle and complex potential, conformal transformation method.
3.1 Solution of the basic equation of single - phase liquid steady flow in porous media and its application
Based on the mathematical model of single - phase liquid flow in porous media, the problems such as unidirectional flow, plane radial flow and spherical flow flow are solved. The pressure, pressure gradient distribution, seepage velocity, production calculation and characteristics of each fluid flow problem are clarified. The solution of variable permeability problem is introduced.
3.2 Effects of well imperfections on fluid flow in porous media
The imperfect types of wells and their applicable conditions are introduced, and the causes of the productivity by the imperfections of the wells and the methods of estimating the effect of imperfections on fluid flow are also introduced.
3.3 Stable well test of oil wells
This section introduces the concept of stable well test and the method to solve the problem.
3.4 The superposition principle of potential and the theory of multi - wells interference
Analysis of the phenomenon and the essence of interference. This section introduces the basic concept of potential, illustrates the application of potential theory in mechanics of fluid flow in porous media, introduces the superposition principle of potential and the methods and steps to solve the problem of multi - wells interference, and introduces the synthetic principle of velocity of fluid flow in porous media..
3.5 The typical application of the superposition principle of the potential
The solution of fluid flow problems of one source and one sink with same rate, and two sink with same rate are introduced respectively. Clear the special phenomenon of fluid flow in porous media, and analyze the ideas and methods of solving these problems in mine practice.
3.6 Mirror reflection method considering boundary effect
Considering the concept of boundary effect, the straight line is supplied to the edge of a production well near the source/sink reflection method, the straight line impermeable boundary near the production wells of a sink reflection method, the reflection of the complex boundary, and the circular supply boundary eccentricity.
3.7 The application of complex potential theory in plane fluid flow problem
The concept , characteristics and interrelationship of potential function, flow function and complex potential, complex potential superposition principle and its application in solving multi-well production problems.
3.8 Solving plane fluid flow problem with conformal transformation method
The concept of conformal transformation (mapping), the relationship between relevant parameters before and after transformation, and the application of conformal transformation in planar fluid flow field.
3.9 Equivalent fluid flow resistance method
The similarity principle of water and electricity, the application of equivalent diafiltration resistance method in multi - row wells and the calculation method of equivalent fluid flow resistance.
Discussion Class:
The common method of solving the problem of plane fluid flow in porous media, the analysis of the applicable conditions of each method, how to solve the problem, the solution of ideas; the application in all kinds of complex seepage problems, such as branch horizontal wells, multi-stage fractured horizontal wells, Heavy oil thermal recovery, et al. 

Chapter 4 Theory of elastic micro compressible liquid unsteady flow in porous media
Main points and difficulties: The main points are the physical process of unsteady flow, the typical solution and its application of infinite formation, and the application of superposition principle to the problem of unsteady fluid flow, especially in the variable production superposition problem. The difficulties are the solution method and process of the typical solution of infinite formation, and the substantial connotation of pressure drop superposition in variable production.
4.1 Physical processes of unsteady flow in porous media
The physical processes and characteristics of unsteady flow under different internal and external boundary conditions are analyzed, and the essence of pressure change is analyzed from the perspective of driving energy.
4.2 The typical solution for elastic unsteady flow in infinite formation
The mathematical model of elastic unsteady flow in infinite formation, and the characteristics of the typical solution and the applicable conditions of the approximate solution are analyzed.
4.3 The typical solution for elastic unsteady flow in finite formation
The idea and form of solution to the problem of elastic unsteady flow in finite formation are introduced.
4.4 Superposition and mirror mapping of elastic unsteady flow in porous media
The pressure drop superposition principle of multi-wells working at the same time, the pressure drop calculation of well with ladder-like variable production, and the application of mirror mapping theory.
4.5 Approximate solution of quasi-steady state flow of a well in circular closed formation
This section presents the approximate method and process for solving quasi - steady - state flow problems of a well in circular closed formation.
4.6 * Unsteady flow with time variables boundary conditions - Duhamel theorem (self)
The mathematical description of the Duhamel theorem, the mathematical expression in some special cases, and the application of the Duhamel theorem in solving variable rate production problems.
4.7 Unstable well test for oil wells
The concept, classification and the solved problems of unstable well test are introduced; the basic principles and applications under different conditions of well test with pressure drop and pressure recovery are presented. 
Discussion Class:
According to the main principles of conventional well test interpretation, the advantages and disadvantages of well test should be analyzed. Combined with the complex characteristics of the actual reservoir, the factors that should be considered, the application method and the application in the engineering practice of the interpretation of the well test should be illustrated.

Chapter 5 Theory of gas flow in porous media
Main points and difficulties: The main points are the basic mathematical model of gas flow in porous media, the basic solution of gas steady/unsteady flow in porous media. The difficulty is the definition and application of pressure function in gas flow in porous media
5.1 Mathematical model of gas flow in porous media
Based on the introduction of gas flow equation, equation of state and continuity equation, the mathematical model of gas flow in porous media is established.
5.2 gas steady flow in porous media.
The solution of the gas in unidirectional flow and plane radial flow subject to the law of linear flow, the solution of the plane radial steady flow of the gas subjected to the nonlinear flow law, and the flow characteristics under various conditions are presented.
5.3 Stable well test for gas wells
Principle and application of stable well test for gas well.
5.4 The typical solution to the differential equation of gas unsteady flow
Mathematical model and typical solution of unsteady gas flow in different internal and external boundary conditions are introduced.
5.5 Unstable well test for gas wells
The principle, analysis method and application of gas well pressure drop, pressure recovery well test are presented.

Chapter 6 Theory of oil-water two phase flow in porous media
Main points and difficulties: The main points are the relationship between the production rate and the oil-water viscosity during the piston-type water flooding process, the divergence equation and the influencing factors, the saturation distribution and the variation law of the non-piston water flooding, equal saturation surface movement equation, leading edge water saturation, average water saturation equation, water hour and recovery degree calculation; the difficulty is Buckley-leverett water flooding theory.
6.1 Basic differential equation of oil - water two - phase flow in porous media
The basic differential equation of oil - water two - phase flow with and without considering capillary pressure , and with considering the gravity – effect are introduced respectively.
6.2 Piston-type water flooding
The one direction fluid flow consider oil - water viscosity difference, the production rate of horizontal radial flow, the solution of water breakthrough time and its relation with oil - water viscosity are introduced.
6.3 non-piston-type water flooding
The characteristics and influencing factors of non-piston–type water flooding, Buckley-leverett water flooding theory of oil-water two-phase flow, flow resistance and production rate variation of oil-water two-phase flow area are presented.
Discussion Class:
The difference and relationship of piston-type water flooding and non-piston-type water flooding, the assumptions, limitations and soltions of Buckley-leverett water flooding theory, and solving method the multi-dimensional multi-phase flow problem.

Chapter 7 Theory of oil-gas two phase flow in porous media
Main points and difficulties: The main points are the analysis methods of oil and gas two-phase steady flow and unsteady flow in porous media. The difficulty is the solution idea of oil and gas two-phase unsteay flow in porous media.
7.1 Physical processes of oil-gas two phase flow in porous media
Characteristics of oil-gas two phase flow and physical process of oil - gas flow in dissolved gas flooding are introduced.
7.2 Mathematical model of oil - gas two phase flow in porous media
Based on the analysis of the equations of motion, the equation of state and the continuity equation of oil - gas two phase flow in porous media, the mathematical model of oil - gas two phase flow is established.
7.3 Oil-gas two phase steady flow in porous media
The solution of gas - oil ratio of oil - gas two phase flow,  and oil - gas two phase plane radial steady flow are presented
7.4 Oil-gas two phase unsteady flow in porous media
The variation law of oil saturation and average pressure is introduced, and the steady - state successive replacement method is used to solve the problem of oil -gas two phase unsteady flow in porous media.
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