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	学分
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	56
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	50
	实验学时
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	上机学时
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	0
	实践学时
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	0

	课外学时
Home Hours
	0

	适用专业
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	中文

	先修课程
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	高等数学、机械工程制图、工程力学、流体力学、传热学、油层物理

	课程简介
Course Description
	《采油工程》是面向石油工程专业本科生开设的核心专业必修课，是一门学科覆盖面广、专业特色明显的综合性课程。通过本课程的学习，使学生能够建立涵盖储层油气渗流、井筒及地面多相管流等流动过程的生产系统整体设计理念，掌握油气开采中各项工程技术措施的基本理论、综合分析和工程设计方法及实施技术，了解采油工程新工艺、新技术及发展动向，具备应用工程基础和石油工程专业知识进行单井工程设计和油气田开发整体方案设计的基本能力，以及分析和解决石油工程复杂问题、进行技术创新、科技开发和矿场应用的初步能力。为学生毕业后工作中正确地选择工艺方法、进行工艺设计和动态分析提供理论依据，并为解决采油工程中的实际问题和从事科研工作准备必要的专业理论知识。

	
	Production Engineering, as a comprehensive course characterized by wide coverage and strong professional specialty, is an important professional compulsory course for the undergraduates majored in petroleum engineering. Through this course, the students can get the whole design concept of production system including oil-gas flow in reservoir, multiphase pipe flow in wellbore and surface pipeline; master the basic theory of the engineering technique measures in oil-gas production, method of comprehensive analysis and engineering design, and implement technology; know the new process, new technology, and development trend of production engineering; and possess the basic ability to complete the engineering design of single well and the whole project design of oil-gas field development, preliminary ability to analyze and solve the complicated problem in petroleum engineering, to conduct technical innovation and field application, with application of engineering fundamental and professional knowledge of petroleum engineering. Production Engineering can provide theoretical foundation for the graduates in correctly choosing technique method, performing technique design and completing dynamic analysis. Moreover, it can provide necessary professional theory knowledge for solving practical problems in production engineering and being engaging in scientific research.



	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：掌握油气开采中各项工程技术措施的基本理论、综合分析和工程设计方法及实施技术。
	1.3，12.1

	
	目标2：建立涵盖储层油气渗流、井筒及地面多相管流等流动过程的生产系统整体设计理念，具备应用工程基础和石油工程专业知识进行单井工程设计和油气田开发整体方案设计的基本能力。
	1.1，1.2，1.4，3.1，3.2，3.3，

	
	目标3：具备分析和解决天然气开采工程复杂问题、进行技术创新、科技开发和矿场应用的初步能力。
	2.2，4.1，4.2，6.1，9.1，10.2

	
	目标4：能够紧跟科技发展趋势，把握采油工程新工艺、新技术的发展动向。
	2.1

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: Master the basic theory of the engineering technique measures in oil-gas production, method of comprehensive analysis and engineering design, and implement technology.
	1.3，12.1

	
	Outcome 2: Establish the whole design concept of production system including oil-gas flow in reservoir, multiphase pipe flow in wellbore and surface pipeline; possess the basic ability to complete the engineering design of single well and the whole project design of oil-gas field development with application of engineering fundamental and professional knowledge of petroleum engineering.
	1.1，1.2，1.4，3.1，3.2，3.3，

	
	Outcome 3: Possess the basic ability to analyze and solve the complex problems in production engineering, carry out technical innovation, develop science technology and complete field application.
	2.2，4.1，4.2，6.1，9.1，10.2

	
	Outcome 4: Be able to keep up with the development of science technology; grasp the trend of new process and new technique in production engineering.
	2.1

	教学内容
Topics
	绪论
采油工程定义、采油工程专业方向的技术水平状况、采油工程师的要求、《采油工程》课程介绍
第一章 油井流入动态与井筒多相流动计算
本章的重点难点：流入动态的基本概念与计算、公式推导与计算；井筒气液两相流流型的变化；井筒气液两相流能量平衡方程的建立；井筒流体压力分布计算步骤。
1.1 油井流入动态

单相液体的流入动态、油气两相渗流时的流入动态、时的流入动态、油气水三相IPR曲线、多层油藏油井流入动态。
1.2 井筒气液两相流基本概念
井筒气液两相流动的特性、井筒气液两相流能量平衡方程及压力分布计算步骤。
1.3 计算气—液两相垂直管流的Orkiszewski方法
压力降公式及流型划分、平均密度及摩擦损失梯度的计算。
1.4 计算井筒多相流动的Beggs-Brill方法（自学）
第二章 自喷与气举采油
本章的重点难点：自喷井系统组成；节点系统分析及其应用；气举采油原理；气举启动过程；气举阀工作原理；气举井生产设计。
2.1 自喷井生产系统分析
自喷井生产系统组成、自喷井节点分析及其应用
2.2 气举采油原理及油井举升系统设计方法
气举采油原理、气举启动、气举阀、气举设计。
过程控制及自主学习考核环节：油井流动部分
第三章 有杆泵采油
本章的重点难点：抽油装置及其工作原理；抽油机悬点运动规律的推导与分析；悬点载荷的计算与分析；抽油机平衡原理与计算；抽油机曲柄扭矩的计算与扭矩曲线分析；抽油机井系统效率分析；影响泵效的因素分析与计算；抽油杆受力特征与强度计算方法；抽油机井生产系统设计；抽油井液面测试与分析；示功图分析；抽油机井工况诊断技术的理论与应用；螺杆泵采油工艺原理。
3.1 抽油装置及泵的工作原理
各种抽油机、抽油杆、抽油泵原理、抽油机悬点运动规律
3.2 抽油机悬点运动规律及悬点载荷
静载荷、动载荷
3.3 抽油机平衡、扭矩与功率计算
3.4 泵效计算与分析
柱塞冲程、泵的充满程度、泵的漏失、提高泵效的措施
3.5 有杆抽油系统设计
抽油杆强度计算及杆柱设计、抽油机井生产系统设计
3.6 有杆抽油系统工况分析
3.7 抽油机井工况诊断技术
3.8 螺杆泵采油工艺原理与设计方法
第四章 无杆泵采油
本章的重点难点：电潜泵井生产系统的组成及其工作原理；电潜泵油井生产系统设计；水力射流泵井生产系统的组成及其工作原理；水力射流泵井生产系统设计。
4.1 电潜泵举升技术
电潜泵采油装置及其工作原理、电潜泵油井生产系统设计、控制系统、诊断
4.2 水力活塞泵采油（自学）
4.3 水力射流泵采油
水力射流泵采油系统、水力射流泵工作特性、水力射流泵油井生产系统设计
过程控制及自主学习考核环节：人工举升部分
第五章 注水
本章的重点难点：注入水处理技术；注水系统流程；注水井吸水能力及其影响因素分析；分层吸水能力及测试方法；注水指示曲线的分析和应用。
5.1 水源、水质及注水系统
水源选择及水质要求、注入水处理技术、注水系统流程、注水井投注程序
5.2 注水井吸水能力分析
注水井吸水能力、影响吸水能力因素、改善吸水能力措施
5.3 分层注水技术
分层吸水能力及测试方法、分层注水管柱
5.4 注水指示曲线的分析和应用
指示曲线分析、井下配水工具工作状况的判断、配注准确程度和分配层段注水量检查、嘴损曲线与配水嘴的选择
5.5 注水井调剖技术简介（自学）
第六章 水力压裂技术
本章的重点难点：油井应力状况分析；水力压裂造缝条件与裂缝延伸条件；压裂液滤失性与流变性分析；支撑剂在裂缝内的分布研究；压裂井增产倍数曲线分析；裂缝参数计算模型。
6.1 造缝机理
油井应力状况、造缝条件、裂缝延伸条件
6.2 压裂液
压裂液类型、压裂液滤失性、压裂液流变性
6.3 支撑剂
支撑剂的要求、支撑剂的类型、支撑剂在裂缝内的分布、支撑剂的选择
6.4 压裂设计
影响压裂井增产幅度的因素、裂缝几何参数计算模型、压裂效果预测、裂缝参数设计方法
6.5 压裂增产新技术（自学）
第七章 酸化技术
本章的重点难点：常用的酸液、添加剂及其性能；盐酸与碳酸盐岩的化学反应原理；影响酸岩反应速度的因素分析；砂岩油气层的土酸处理原理；酸岩复相反应有效作用距离；前置液酸压设计方法。
7.1 碳酸盐岩地层盐酸酸化原理
盐酸与碳酸盐岩的化学反应、影响酸岩反应速度的因素
7.2 酸化压裂技术
酸液的滤失、酸液的损耗、酸岩复相反应有效作用距离、前置液酸压设计方法
7.3 砂岩油气层土酸酸化原理
砂岩地层土酸处理原理、土酸处理设计
7.4 酸液及添加剂
7.5 酸处理工艺（自学）
过程控制及自主学习考核环节：注水及增产措施部分
第八章  复杂条件下的开采技术
本章的重点难点：油层出砂原因与出砂机理；防砂方法及其适用性分析；清砂方法；油井结蜡与防蜡机理及防治方法；稠油及高凝油开采特征；热采技术原理；井筒降粘技术原理。
8.1 防砂与清砂
油层出砂原因、防砂方法、清砂方法
8.2 防蜡与清蜡
油井防蜡机理、油井防蜡方法、油井清蜡方法
8.3 油井堵水（自学）
8.4 稠油及高凝油开采技术
第九章  完井方案设计与试油
本章的重点难点：完井方式及其选择需要考虑的因素；射孔设计参数设计步骤；射孔工艺设计内容；油气层损害机理分析；储层敏感性。
9.1 完井方式选择
9.2 射孔设计
射孔参数设计、射孔工艺设计
9.3 油气层保护
9.4 试油（自学）
第十章 采油工程方案设计概要
10.1 油田开发总体建设方案的构成
10.2 采油工程方案编制原则及要求
10.3 采油工程方案设计的内容

	
	Introduction 
The definition of production engineering; the situation of technique level in production engineering; qualification for production engineer; course introduction of Production Engineering.
Chapter 1  The calculation of inflow performance relationship and wellbore multiphase flow
The key and difficult points: the basic concept and calculation of inflow performance relationship; formula derivation; the flow regimes variation of wellbore gas-liquid two-phase flow; energy equilibrium equations of wellbore gas-liquid two-phase flow; the calculation of wellbore flow pressure distribution.
1.1  Inflow performance relationship

The inflow performance relationship of single-phase liquid flow; the inflow performance relationship of oil-gas two-phase flow; the inflow performance relationship under the condition of ; the inflow performance relationship of oil-gas-water three-phase flow; the inflow performance relationship of multi-layer reservoir. 
1.2  Wellbore gas-liquid two-phase flow
The feature of wellbore gas-liquid two-phase flow; energy equilibrium equations of wellbore gas-liquid two-phase flow; the calculation of wellbore flow pressure distribution.
1.3  Orkiszewski Method
The equation of pressure drop and identification of flow regimes; The calculation of average density and friction loss gradient.
1.4  Beggs-Brill Method (reading)
Chapter 2  Naturally flow and gas lift
The key and difficult points: components of the naturally flowing well system; “Nodal system analysis” and its application; the principle of gas lift; starting procedure of gas lift; working principle of gas lift valve; production design of gas lift well.
2.1  Analysis of flowing well system
Components of the flowing well system; “Nodal system analysis” and its application in the flowing well.
2.2  Gas lift principle and design method of oil well lift system
Principle of gas lift; starting procedure of gas lift; gas lift valve; gas lift design.
Process control and independent study evaluation: part of wellbore flow.
Chapter 3  Sucker rod pumping
The key and difficult points: pumping system and the working principle; derivation and analysis of the polished rod motion; calculation and analysis of the polished rod load; the balancing principle and calculation of the pumping unit; crank torque calculation and  torque curve analysis; system efficiency analysis of rod pumping well; calculation and analysis of the pump efficiency; stress feature of sucker rod string and strength calculation; the design of rod pumping well production system; liquid level test and analysis; pump dynagraph card analysis; the theory and application of the working condition diagnosis technique; oil production principle of screw pump.
3.1  Pumping system and working principle of pump
All kinds of pumping unit; sucker rod; pump principle; the polished rod motion.
3.2  Polished rod motion and polished rod load
Static load; dynamic load.
3.3  Balance of the pumping unit and calculation of torque and power
3.4  Calculation and analysis of the pump efficiency
Plunger stroke; filled degree of pump; pump leakage; measures to improve pump efficiency.
3.5  Rod pumping system design
Strength calculation and rod string design; rod pumping well production system design.
3.6  Working condition analysis of rod pumping system
3.7  Working condition diagnosis technique of rod pumping well
3.8  Oil production principle and the design of screw pump
Chapter 4  Rodless pumping
The key and difficult points: components of electrical submersible pump system and its working principle; design of electrical submersible pump system; components of hydraulic jet pumping system and its working principle; design of hydraulic jet pumping system.
4.1  Electrical submersible pumping technique
components of electrical submersible pump system and its working principle; design of electrical submersible pump system; control system; diagnosis.
4.2  Hydraulic piston pumping (reading)
4.3  Hydraulic jet pumping
Hydraulic jet pumping system; operating characteristic; design of hydraulic jet pumping system.
Chapter 5  Water injection
The key and difficult points: injection water treatment technology; water injection system procedure; water injection well absorbing capacity and the influencing factors analysis; separated layer absorbing capacity and the test method; analysis and application of water injection indication curve.
5.1  Water source, water quality and water injection system
The choice of water source and water quality requirement; injection water treatment technology; water injection system procedure; water injection well injecting procedure.
5.2  Water injection well absorbing capacity analysis
Water injection well absorbing capacity; influencing factors; measures to improve absorbing capacity.
5.3  Separated layer water injection technique
Separated layer absorbing capacity and the test method; separated layer water injection string.
5.4  Analysis and application of water injection indication curve
Analysis of water injection indication curve; working condition judgement of the downhole tools for water distribution; check of the injection allocation accurate degree and injected water volume in the injected layer; nozzle loss curve and the choice of water injection choke. 
5.5  Water injection well profile control technology (reading)
Chapter 6  Hydraulic fracturing technology
The key and difficult points: the stress analysis of oil well; the fracture initiation and propagation conditions of hydraulic fracturing; the leak-off and rheology analyses of fracturing fluid; the study on proppant distribution in fractures; the stimulation ratio curve analysis of fractured well; the parameter computational model of fractures.
6.1  Fracture initiation mechanism
Oil well stress; fracture initiation condition; fracture propagation condition.
6.2  Fracturing fluid
Fracturing fluid types; leak-off property of fracturing fluid; rheological property of fracturing fluid.
6.3  Proppant
Proppant requirements; proppant type; proppant distribution in fractures; proppant selection.
6.4  Fracturing design
Influencing factors of stimulation increment in fracturing wells; the geometric parameter computational model of fractures; predicting model of fracture effects; design method of fracture parameters.
6.5  New fracturing stimulation technologies (reading)
Chapter 7  Acidizing technology
The key and difficult points: commonly used acid, additive and the property; chemical reaction principle of hydrochloric acid and carbonate rock; factors analysis of acid–rock interaction rate; sandstone acidizing principle by mud acid; effective acidizing distance of acid–rock multiphase reaction; the design of preflushing fluid acid fracturing.
7.1  Acidizing principle of carbonate rock by hydrochloric acid
Chemical reaction between hydrochloric acid and carbonate rock; factors influencing acid–rock interaction rate.
7.2  Acid fracturing technology
Acid leaking; acid consumption；effective acidizing distance of acid–rock multiphase reaction; design of prepad fluid acid fracturing.
7.3  Sandstone reservoir acidizing principle by mud acid
Sandstone formation acidizing principle by mud acid; mud acid acidizing design.
7.4  Acid and additives
7.5  Acidizing process (reading)
Chapter 8  Production technologies under complicated conditions
The key and difficult points: sand production reasons and mechanisms; sand control methods and its applicability analysis; sand cleaning methods; paraffin formation and control mechanisms and paraffin control methods in oil wells; production characteristics of heavy oil and high pour point oil; technological mechanisms of thermal recovery; technological mechanisms of oil viscosity reduction in wellbore.
8.1  Sand control and cleaning
Sand production reasons; sand control methods; sand cleaning methods.
8.2  Paraffin control and cleaning
Paraffin control mechanisms; paraffin control methods; paraffin cleaning methods.
8.3  Water shut-off in oil well (reading)
8.4  Recovery technologies of heavy oil and high pour point oil
Chapter 9  Oil well completion scheme design and oil test
The key and difficult points: completion methods and the considerable influencing factors during completion; design steps of perforation parameters; design content of perforating technic; mechanisms analysis of reservoir damage; reservoir sensitivity.
9.1  Completion technology selection 
9.2  Perforation design
Perforation parameter design; perforating technic design
9.3  Reservoir protection
9.4  Oil test (reading)
Chapter 10  Outline of oil production engineering design
10.1  Composition of oilfield development overall construction plan
10.2  Compiling principles and requirements during oil production engineering design
10.3  Design content of oil production engineering

	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
1.1
	2
	讲授
	
	
	目标1

	
	1.2
	2
	讲授
	
	
	目标1

	
	1.3
1.4
	2
	讲授
讨论
	
	
	目标1

	
	
	
	过程控制及自主学习考核环节实施：布置油井流动环节作业
	
	自学
	目标2
目标3
目标4

	
	2.1
	2
	讲授
	
	
	目标1

	
	2.2
	2
	讲授
讨论
	
	
	目标1

	
	
	2
	实验
	
	
	目标1

	
	3.1
	2
	讲授
	
	
	目标1

	
	3.2
	2
	讲授
	
	
	目标1

	
	3.3
3.4
	2
	讲授
	
	
	目标1

	
	
	
	过程控制及自主学习考核环节实施：油井流动环节课堂考核、布置人工举升环节作业
	
	综合大作业
	目标2
目标3
目标4

	
	3.5
3.6
	2
	讲授
	
	
	目标1

	
	3.7
3.8
	2
	讲授
讨论
	
	
	目标1

	
	4.1
	2
	讲授
	
	
	目标1

	
	4.2
4.3
	2
	讲授
讨论
	
	
	目标1

	
	
	2
	实验
	
	
	目标1

	
	5.1
5.2
	2
	讲授
	
	
	目标1

	
	5.3
5.4
5.5
	2
	讲授
讨论
	
	
	目标1

	
	
	
	过程控制及自主学习考核环节实施：人工举升环节课堂考核、布置注水及增产措施环节作业
	
	综合大作业
	目标2
目标3
目标4

	
	6.1
6.2
	2
	讲授
	
	
	目标1

	
	6.3
6.4
	2
	讲授
讨论
	
	
	目标1

	
	
	2
	实验
	
	
	目标1

	
	7.1
7.2
	2
	讲授
	
	
	目标1

	
	7.3
7.4
7.5
	2
	讲授
讨论
	
	
	目标1

	
	8.1
	2
	讲授
	
	
	目标1

	
	8.2
8.3
8.4
	2
	讲授
讨论
	
	
	目标1

	
	
	
	过程控制及自主学习考核环节实施：注水及增产措施环节课堂考核
	
	综合大作业
	目标2
目标3
目标4

	
	9.1
9.2
	2
	讲授
	
	
	目标1

	
	9.3
9.4
10.1
10.2
10.3
	2
	讲授
讨论
	
	
	目标1

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	Introduction
1.1
	2
	Teaching
	
	
	Outcome 1

	
	1.2
	2
	Teaching
	
	
	Outcome 1

	
	1.3
1.4
	2
	Teaching
Discussion
	
	
	Outcome 1

	
	
	
	Process control and independent study evaluation: arranging oil well flow homework
	
	Reading
	Outcome 2
Outcome 3
Outcome 4

	
	2.1
	2
	Teaching
	
	
	Outcome 1

	
	2.2
	2
	Teaching
Discussion
	
	
	Outcome 1

	
	
	2
	Experiment
	
	
	Outcome 1

	
	3.1
	2
	Teaching
	
	
	Outcome 1

	
	3.2
	2
	Teaching
	
	
	Outcome 1

	
	3.3
3.4
	2
	Teaching
	
	
	Outcome 1

	
	
	
	Process control and independent study evaluation: assessment of oil well flow part, arranging artificial lift homework
	
	Project
	Outcome 2
Outcome 3
Outcome 4

	
	3.5
3.6
	2
	Teaching
	
	
	Outcome 1

	
	3.7
3.8
	2
	Teaching
Discussion
	
	
	Outcome 1

	
	4.1
	2
	Teaching
	
	
	Outcome 1

	
	4.2
4.3
	2
	Teaching
Discussion
	
	
	Outcome 1

	
	
	2
	Experiment
	
	
	Outcome 1

	
	5.1
5.2
	2
	Teaching
	
	
	Outcome 1

	
	5.3
5.4
5.5
	2
	Teaching
Discussion
	
	
	Outcome 1

	
	
	
	Process control and independent study evaluation: assessment of artificial lift part, arranging water injection and well stimulation homework
	
	Project
	Outcome 2
Outcome 3
Outcome 4

	
	6.1
6.2
	2
	Teaching
	
	
	Outcome 1

	
	6.3
6.4
	2
	Teaching
Discussion
	
	
	Outcome 1

	
	
	2
	Experiment
	
	
	Outcome 1

	
	7.1
7.2
	2
	Teaching
	
	
	Outcome 1

	
	7.3
7.4
7.5
	2
	Teaching
Discussion
	
	
	Outcome 1

	
	8.1
	2
	Teaching
	
	
	Outcome 1

	
	8.2
8.3
8.4
	2
	Teaching
Discussion
	
	
	Outcome 1

	
	
	
	Process control and independent study evaluation: assessment of water injection and well stimulation
	
	Project
	Outcome 2
Outcome 3
Outcome 4

	考核方式
Grading
	评价环节
	比例

	
	环节1：平时成绩
	10%

	
	环节2：实验过程控制考核环节
	10%

	
	环节3：课堂学习过程考核环节
	30%

	
	环节4：期末考试考核环节
	50%

	
	Evaluation
	Percentage

	
	Evaluation 1
	10%

	
	Evaluation 2
	10%

	
	Evaluation 3
	30%

	
	Evaluation 4
	50%

	教材及参考资料
Textbooks & Other Materials
	(包括纸质、声像、电子等各种形式的教学材料、参考资料，需要包含教材名称，作者，出版社，出版年份，版次，书号等信息)
1．《采油工程理论与技术》，张琪，石油大学出版社，2000；
2．采油工艺原理，王鸿勋、张琪，石油工业出版社，1989；
3．油气开采工程，何生厚、张琪，中国石化出版社，2003；
4．《The Technology of Artificial Lift Method》，Vol.Ⅰ，Ⅱ，Ⅳ或《升举法采油工艺》，卷Ⅰ、Ⅱ、Ⅳ，Brown Kermit E，石油工业出版社，1987；
5．现代完井工程，万仁溥，石油工业出版社，2000；
6．水力压裂原理，王鸿勋，石油工业出版社，1987；
7．水力压裂设计数值计算方法，王鸿勋，石油工业出版社，1998；
8．采油工程手册（上、下），万仁溥，石油工业出版社，2000；
9．油气井防砂技术（第二版），董长银、李怀文，中国石化出版社，2017。

	
	1. Author, Title, Press, Year, Level.
2. Author, Title, Press, Year, Level.

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	李明忠、董长银
[bookmark: _GoBack]Li Mingzhong、
Dong Changyin
	审核人(系/教研室主任)
Approved by
	董长银
Dong Changyin


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
	垂直管流实验室
	02102
	
	（实验室代码基础上加3位）
	7
	2
	专业
	必做
	验证性
	石油工程、应用物理
	
	自喷井模拟器
	是

	抽油泵泵效实验
	抽油泵泵效实验室
	02204
	
	
	7
	2
	专业
	必做
	综合性
	石油工程、应用物理
	
	小型抽油装置
	是

	压裂仿真实训
	压裂酸化仿真实训实验室；
	02103
	
	
	10
	2
	专业
	必做
	创新性
	石油工程、应用物理
	
	压裂仿真实训平台
	是

	裂缝导流能力测试实验
	裂缝导流能力模拟实验室
	02106
	
	
	7
	2
	专业
	必做
	综合性
	石油工程、应用物理
	
	裂缝导流能力测试仪
	是
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