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Over the last two decades the development, evaluation and use of MFM systems
has been a major focus for the Oil & Gas industry worldwide. Since the early
1990's, when the first commercial meters started to appear, there have been
around 2,000 field applications of MFM for field allocation, production
optimisation and well testing. So far, many alternative metering systems have
been developed, but none of them can be referred to as generally applicable or
universally accurate. Both established and novel technologies suitable to
measure the flow rates of gas, oil and water in a three-phase flow are reviewed
and assessed within this book. Those technologies already implemented in the
various commercial meters are evaluated in terms of operational and economical
advantages or shortcomings from an operator point of view. The lessons learned
about the practical reliability, accuracy and use of the available technology is
discussed. The book suggests where the research to develop the next generation
of MFM devices will be focused in order to meet the as yet unsolved problems.
The book provides a critical and independent review of the current status and
future trends of MFM, supported by the authors’ strong background on
multiphase flow and by practical examples. These are based on the authors’
direct experience on MFM, gained over many years of research in connection
with both operators and service companies. As there are currently no books on
the subject of Multiphase Flow Metering for the Oil & Gas industry, this book will
fill in the gap and provide a theoretical and practical reference for professionals,
academics, and students. * Written by leading scholars and industry experts of
international standing * Includes strong coverage of the theoretical background,
yet also provides practical examples and current developments * Provides
practical reference for professionals, students and academics
This volume is an information-packed reference for engineers on flow measuring
techniques and instruments. Striking a balance between laboratory ideal and the
realities of field experience, this handy tool provides a wealth of practical advice
on the design, operation, and performance of a broad range of flowmeters. The
book begins with a brief review of fluid mechanics principles, how to select a
flowmeter, and a variety of calibration methods. Each of the following chapters is
devoted to a class of flowmeters and includes detailed information on design,
applications, installation, calibration, operation, and advantages and
disadvantages. Among the flowmeters discussed are orifice plate meters, venturi
meter and standard nozzles, critical flow venturi nozzles, positive displacement
flowmeters, turbine and related flowmeters, vortex shedding and fluidic
flowmeters, electromagnetic flowmeters, ultrasonic flowmeters, and coriolis
flowmeters. Also covered are mass flow measurements using multiple sensors,
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thermal flowmeters, angular momentum devices, probes, and modern control
systems. Many chapters conclude with an appendix on the theory behind the
techniques discussed. It will be a valuable reference for practicing engineers and
will also be of interest to researchers in mechanical, chemical and aerospace
engineering.
The Instrument and Automation Engineers’ Handbook (IAEH) is the #1 process
automation handbook in the world. Volume one of the Fifth Edition, Measurement
and Safety, covers safety sensors and the detectors of physical properties.
Measurement and Safety is an invaluable resource that: Describes the detectors
used in the measurement of process variables Offers application- and methodspecific guidance for choosing the best measurement device Provides tables of
detector capabilities and other practical information at a glance Contains detailed
descriptions of domestic and overseas products, their features, capabilities, and
suppliers, including suppliers’ web addresses Complete with 163 alphabetized
chapters and a thorough index for quick access to specific information,
Measurement and Safety is a must-have reference for instrument and automation
engineers working in the chemical, oil/gas, pharmaceutical, pollution, energy,
plastics, paper, wastewater, food, etc. industries. About the eBook The most
important new feature of the IAEH, Fifth Edition is its availability as an eBook.
The eBook provides the same content as the print edition, with the addition of
thousands of web addresses so that readers can reach suppliers or reference
books and articles on the hundreds of topics covered in the handbook. This
feature includes a complete bidders' list that allows readers to issue their
specifications for competitive bids from any or all potential product suppliers.
Annotation This book presents the fundamentals of multiphase production with
regard to flow simulations in multiphase pipelines, multiphase pumping and
multiphase metering. It gives a large range of information on approaches and
technologies which can be used today. It is designed for engineers involved in
field development, but also for petroleum engineering students.
This book gives the background to differential-pressure flow measurement and
goes through the requirements explaining the reason for them. For those who
want to use an orifice plate or a Venturi tube the standard ISO 5167 and its
associated Technical Reports give the instructions required. However, they rarely
tell the users why they should follow certain instructions. This book helps users of
the ISO standards for orifice plates and Venturi tubes to understand the reasons
why the standards are as they are, to apply them effectively, and to understand
the consequences of deviations from the standards.
The study of multiphase flow through porous media is undergoing intense
development, mostly due to the recent introduction of new methods. After the
profound changes induced by percolation in the eighties, attention is nowadays
focused on the pore scale. The physical situation is complex and only recently
have tools become available that allow significant progress to be made in the
area. This volume on Multiphase Flow in Porous Media, which is also being
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published as a special issue of the journal Transport in Porous Media, contains
contributions on the lattice-Boltzmann technique, the renormalization technique,
and semi-phenomenological studies at the pore level. Attention is mostly focused
on two- and three-phase flows. These techniques are of tremendous importance
for the numerous applications of multiphase flows in oil fields, unsaturated soils,
the chemical industry, and environmental sciences.
Aerosol Measurement: Principles, Techniques, and Applications Third Edition is
the most detailed treatment available of the latest aerosol measurement
methods. Drawing on the know-how of numerous expert contributors; it provides
a solid grasp of measurement fundamentals and practices a wide variety of
aerosol applications. This new edition is updated to address new and developing
applications of aerosol measurement, including applications in environmental
health, atmospheric science, climate change, air pollution, public health,
nanotechnology, particle and powder technology, pharmaceutical research and
development, clean room technology (integrated circuit manufacture), and
nuclear waste management.
This book covers aspects of multiphase flow and heat transfer during phase
change processes, focusing on boiling and condensation in microscale channels.
The authors present up-to-date predictive methods for flow pattern, void fraction,
pressure drop, heat transfer coefficient and critical heat flux, pointing out the
range of operational conditions that each method is valid. The first four chapters
are dedicated on the motivation to study multiphase flow and heat transfer during
phase change process, and the three last chapters are focused on the analysis of
heat transfer process during boiling and condensation. During the description of
the models and predictive methods, the trends are discussed and compared with
experimental findings. Provides a comprehensive description of flow patterns
during the phase change process for boiling and condensation in conventional
and micro scale channels; Discusses changes of trends of experimental results
based on the operational conditions; Compiles up-to-date predictive methods for
void fraction, flow pattern, pressure drop, and heat transfer coefficient during
convective flow boiling and condensation in micro scale channels; Serves as a
roadmap for design of heat spreaders based on micro-scale channels.
The main purpose of this book is introducing application of artificial neural
network in gamma radiation-based multiphase flow meters. Artificial neural
network is an useful tool for predicting volume fraction and identification of flow
pattern in two-phase and three-phase flows.This book is divided into five main
chapters. In chapter one, concept and background, history, performance,
learning algorithms, models, and application of artificial neural network is
introduced. Chapter two is dedicated to multiphase flows. This chapter comprises
of history, key definitions, and flow patterns of multiphase flows. In chapter three,
different methods of measuring multiphase flow and various performance
principles of multiphase flow meters are described. In chapter four, emission of
gamma-ray from radioactive sources, different mechanisms of interaction of
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photon with matter, and using gamma-ray for measuring volume fraction in
homogenous flow regime are described. In the last chapter, some examples for
applying the artificial neural network in radiation-based multiphase flow meters
for measuring volume fraction in non-homogenous flow regime and identifying
flow regime, are presented.
Plant Flow Measurement and Control Handbook is a comprehensive reference
source for practicing engineers in the field of instrumentation and controls. It
covers many practical topics, such as installation, maintenance and potential
issues, giving an overview of available techniques, along with recommendations
for application. In addition, it covers available flow sensors, such as automation
and control. The author brings his 35 years of experience in working in
instrumentation and control within the industry to this title with a focus on fluid
flow measurement, its importance in plant design and the appropriate control of
processes. The book provides a good balance between practical issues and
theory and is fully supported with industry case studies and a high level of
illustrations to assist learning. It is unique in its coverage of multiphase flow, solid
flow, process connection to the plant, flow computation and control. Readers will
not only further understand design, but they will also further comprehend
integration tactics that can be applied to the plant through a step-by-step design
process that goes from installation to operation. Provides specification sheets,
engineering drawings, calibration procedures and installation practices for each
type of measurement Presents the correct flow meter that is suitable for a
particular application Includes a selection table and step-by-step guide to help
users make the best decision Cover examples and applications from engineering
practice that will aid in understanding and application
This volume fills the need for a textbook presenting basic governing and
constitutive equations, followed by several engineering problems on multiphase
flow and transport that are not provided in current advanced texts, monographs,
or handbooks. The unique emphasis of this book is on the sound formulation of
the basic equations describing multiphase transport and how they can be used to
design processes in selected industrially important fields. The clear underlying
mathematical and physical bases of the interdisciplinary description of multiphase
flow and transport are the main themes, along with advances in the kinetic theory
for particle flow systems. The book may be used as an upper-level
undergraduate or graduate textbook, as a reference by professionals in the
design of processes that deal with a variety of multiphase systems, and by
practitioners and experts in multiphase science in the area of computational fluid
dynamics (CFD) at U.S. national laboratories, international universities, research
laboratories and institutions, and in the chemical, pharmaceutical, and petroleum
industries. Distinct from other books on multiphase flow, this volume shows
clearly how the basic multiphase equations can be used in the design and scaleup of multiphase processes. The authors represent a combination of nearly two
centuries of experience and innovative application of multiphase transport
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representing hundreds of publications and several books. This book serves to
encapsulate the essence of their wisdom and insight, and: Provides a lucid
explanation of how the multiphase transport equations arise, including multiphase
kinetic theory; Describes gas-liquid and gas-solid flows including fluidized bed
systems; Explains applications to several chemical and energy conversion
processes based on fluidized bed systems, including blood flow analysis, carbon
dioxide (CO2) capture, pharmaceutical production, volcanic eruptions,
polymerization process and wind turbine performance.
Flow Measurement Handbook is a reference for engineers on flow measurement
techniques and instruments. It strikes a balance between laboratory ideas and
the realities of field experience and provides practical advice on design, operation
and performance of flowmeters. It begins with a review of essentials: accuracy,
flow, selection and calibration methods. Each chapter is then devoted to a
flowmeter class and includes information on design, application installation,
calibration and operation. Among the flowmeters discussed are differential
pressure devices such as orifice and Venturi, volumetric flowmeters such as
positive displacement, turbine, vortex, electromagnetic, magnetic resonance,
ultrasonic, acoustic, multiphase flowmeters and mass meters, such as thermal
and Coriolis. There are also chapters on probes, verification and remote data
access.
This book covers a wide variety of topics related to advancements in different
stages of mass transfer modelling processes. Its purpose is to create a platform
for the exchange of recent observations, experiences, and achievements. It is
recommended for those in the chemical, biotechnological, pharmaceutical, and
nanotechnology industries as well as for students of natural sciences, technical,
environmental and employees in companies which manufacture machines for the
above-mentioned industries. This work can also be a useful source for
researchers and engineers dealing with mass transfer and related issues.
This information-packed volume covers all aspects of natural gas measurement.
Handbook of Multiphase Flow Assurance allows readers to progress in their
understanding of basic phenomena and complex operating challenges. The book starts
with the fundamentals, but then goes on to discuss phase behavior, fluid sampling, fluid
flow properties and fluid characterization. It also covers flow assurance impedance,
deliverability, stability and integrity issues, as well as hydraulic, thermal and risk
analysis. The inclusion of case studies and references helps provide an industrial focus
and practical application that makes the book a novel resource for flow assurance
management and an introductory reference for engineers just entering the field of flow
assurance. Starts with flow assurance fundamentals, but also includes more complex
operating challenges Brings together cross-disciplinary discussions and solutions of
flow assurance in a single text Offers case studies and reference guidelines for
practical applications
Flow meters measure the volumetric flow rate in a pipeline. Most meters are based on
deriving a signal from the fluid flow and calibrating the signal against the volumetric flow
rate. The calibration is done in fully-developed flow, and the same state of flow must
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exist at the meter’s position when it is in practical use. Because the field of flow
metering has been neglected by fluid mechanicists for a long time, this book addresses
two major fluid mechanical problems in flow metering: the analysis of signal generation
in turbulent pipe flow, which explains the function of the meter beyond a simple
calibration, and the possible use of a meter in non-developed flows. These problems
are investigated with reference to, and examples from, a variety of meters, e.g.
ultrasound cross-correlation meters, vortex meters, and turbine meters. Studying these
problems requires consideration of specific phenomena in turbulent non-developed pipe
flow, as caused by installations, and finding special solutions with signal processing,
both of which are included in the book.
This book is the maiden volume in a new series devoted to lectures delivered through
the annual seminars “Short Courses on Multiphase Flow,” held primarily at ETH Zurich
continuously since 1984. The Zurich short courses, presented by prominent specialists
in the various topics covered, have attracted a very large number of participants. This
series presents fully updated and when necessary re-grouped lectures in a number of
topical volumes. The collection aims at giving a condensed, critical and up-to-date view
of basic knowledge on multiphase flows in relation to systems and phenomena
encountered in industrial applications. The present volume covers the background of
Multiphase Flows (MPF) that introduces the reader to the particular nature and
complexity of multiphase flows and to basic but critical aspects of MPFs including
concepts and the definition of the quantities of interest, an introduction to modelling
strategies for MPFs, flow regimes, flow regime maps and tr ansition criteria. It also
deals with the ubiquitous needs of the multiphase-flow modeller, namely pressure drop
and phase distribution, i.e., the void fraction and the topology of the phases that
determines the flow regimes.
The Multiphase Flow Handbook, Second Edition is a thoroughly updated and
reorganized revision of the late Clayton Crowe’s work, and provides a detailed look at
the basic concepts and the wide range of applications in this important area of
thermal/fluids engineering. Revised by the new editors, Efstathios E. (Stathis)
Michaelides and John D. Schwarzkopf, the new Second Edition begins with two
chapters covering fundamental concepts and methods that pertain to all the types and
applications of multiphase flow. The remaining chapters cover the applications and
engineering systems that are relevant to all the types of multiphase flow and heat
transfer. The twenty-one chapters and several sections of the book include the basic
science as well as the contemporary engineering and technological applications of
multiphase flow in a comprehensive way that is easy to follow and be understood. The
editors created a common set of nomenclature that is used throughout the book,
allowing readers to easily compare fundamental theory with currently developing
concepts and applications. With contributed chapters from sixty-two leading experts
around the world, the Multiphase Flow Handbook, Second Edition is an essential
reference for all researchers, academics and engineers working with complex thermal
and fluid systems.
Hydroinformatics is an emerging subject that is expected to gather speed, momentum
and critical mass throughout the forthcoming decades of the 21st century. This book
provides a broad account of numerous advances in that field - a rapidly developing
discipline covering the application of information and communication technologies,
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modelling and computational intelligence in aquatic environments. A systematic survey,
classified according to the methods used (neural networks, fuzzy logic and evolutionary
optimization, in particular) is offered, together with illustrated practical applications for
solving various water-related issues. ...
This book provides a fundamental description of multiphase fluid flow through porous
rock, based on understanding movement at the pore, or microscopic, scale.
Presents numerical methods for reservoir simulation, with efficient implementation and
examples using widely-used online open-source code, for researchers, professionals
and advanced students. This title is also available as Open Access on Cambridge Core.
Address physical principles and unified theories governing multiphase flows, with methods,
applications, and problems.
This book describes the basic principles of electromagnetic induction measurements and
consolidates the outcomes of recent research. It encompasses pipeline electromagnetic flow
meters, electromagnetic flow meters, multiphase flow electromagnetic flowmeters and flow
field of electromagnetic induction reconstruction. Though theoretical in nature it does draw on
experimental data and includes new research findings, especially in the areas of multiphase
flow and flow reconstruction. With a focus on theory and computation in flow measurement by
electromagnetic induction including traditional flowmeters in closed conduits, velocity probe,
two-phase flow, velocity reconstruction and dry calibration it will be an invaluable resource for
researchers and practising engineers. The book uses MATLAB(R) to introduce efficient
numerical methods to model and simulate flows, sensor construction and geometry, and the
effect of pipe materials. Key Features A comprehensive review on all issues to do with EM
flowmeters Includes latest research directions and findings Accompanying MATLAB(R) code A
reference text for students, researchers, users and designers Industrial and commercial
interest
This two-volume set LNCS 10305 and LNCS 10306 constitutes the refereed proceedings of
the 15th International Work-Conference on Artificial Neural Networks, IWANN 2019, held at
Gran Canaria, Spain, in June 2019. The 150 revised full papers presented in this two-volume
set were carefully reviewed and selected from 210 submissions. The papers are organized in
topical sections on machine learning in weather observation and forecasting; computational
intelligence methods for time series; human activity recognition; new and future tendencies in
brain-computer interface systems; random-weights neural networks; pattern recognition; deep
learning and natural language processing; software testing and intelligent systems; data-driven
intelligent transportation systems; deep learning models in healthcare and biomedicine; deep
learning beyond convolution; artificial neural network for biomedical image processing;
machine learning in vision and robotics; system identification, process control, and
manufacturing; image and signal processing; soft computing; mathematics for neural networks;
internet modeling, communication and networking; expert systems; evolutionary and genetic
algorithms; advances in computational intelligence; computational biology and bioinformatics.
Publisher Description
This book describes of basic principles of electromagnetic induction measurements and
consolidates the outcomes of recent research. It encompasses pipeline electromagnetic flow
meters, electromagnetic flow meters, multiphase flow electromagnetic flowmeters and flow
field of electromagnetic induction reconstruction. Though theoretical in nature it does draw on
experimental data and includes new research findings, especially in the areas of multiphase
flow and flow reconstruction. With a focus on theory and computation in flow measurement by
electromagnetic induction including traditional flowmeters in closed conduits, velocity probe,
two-phase flow, velocity reconstruction and dry calibration it will be an invaluable resource for
researchers and practising engineers. The book uses MATLAB® to introduce efficient
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numerical methods to model and simulate flows, sensor construction and geometry, and the
effect of pipe materials. Part of IOP Series in Sensors and Sensor Systems.
Because of the importance of multiphase flows in a wide variety of industries, including power,
petroleum, and numerous processing industries, an understanding of the behavior and
underlying theoretical concepts of these systems is critical. Contributed by a team of prominent
experts led by a specialist with more than thirty years of experience, the Multiphase Flow
Handbook provides such an understanding, and much more. It covers all aspects of
multiphase flows, from fundamentals to numerical methods and instrumentation. The book
begins with an introduction to the fundamentals of particle/fluid/bubble interactions followed by
gas/liquid flows and methods for calculating system parameters. It includes up-to-date
information on practical industrial applications such as boiling and condensation, fluidized
beds, aerosols, separation systems, pollution control, granular and porous media flow,
pneumatic and slurry transport, and sprays. Coverage then turns to the most recent
information on particle/droplet-fluid interactions, with a chapter devoted to microgravity and
microscale flows and another on basic multiphase interactions. Rounding out the presentation,
the authors discuss numerical methods, state-of-the art instrumentation, and advanced
experimental techniques. Supplying up-to-date, authoritative information on all aspects of
multiphase flows along with numerous problems and examples, the Multiphase Flow
Handbook is the most complete reference available for understanding the flow of multiphase
mixtures.
Nowadays mathematical modeling and numerical simulations play an important role in life and
natural science. Numerous researchers are working in developing different methods and
techniques to help understand the behavior of very complex systems, from the brain activity
with real importance in medicine to the turbulent flows with important applications in physics
and engineering. This book presents an overview of some models, methods, and numerical
computations that are useful for the applied research scientists and mathematicians, fluid tech
engineers, and postgraduate students.
This is an up-to-date review of recent advances in the study of two-phase flows, with focus on
gas-liquid flows, liquid-liquid flows, and particle transport in turbulent flows. The book is divided
into several chapters, which after introducing basic concepts lead the reader through a more
complex treatment of the subjects. The reader will find an extensive review of both the older
and the more recent literature, with abundance of formulas, correlations, graphs and tables. A
comprehensive (though non exhaustive) list of bibliographic references is provided at the end
of each chapter. The volume is especially indicated for researchers who would like to carry out
experimental, theoretical or computational work on two-phase flows, as well as for
professionals who wish to learn more about this topic.
There is a tendency to make flow measurement a highly theoretical and technical subject but
what most influences quality measurement is the practical application of meters, metering
principles, and metering equipment and the use of quality equipment that can continue to
function through the years with proper maintenance have the most influence in obtaining
quality measurement. This guide provides a review of basic laws and principles, an overview of
physical characteristics and behavior of gases and liquids, and a look at the dynamics of flow.
The authors examine applications of specific meters, readout and related devices, and proving
systems. Practical guidelines for the meter in use, condition of the fluid, details of the entire
metering system, installation and operation, and the timing and quality of maintenance are also
included. This book is dedicated to condensing and sharing the authors' extensive experience
in solving flow measurement problems with design engineers, operating personnel (from top
supervisors to the newest testers), academically-based engineers, engineers of the
manufacturers of flow meter equipment, worldwide practitioners, theorists, and people just
getting into the business. The authors' many years of experience are brought to bear in a
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thorough review of fluid flow measurement methods and applications Avoids theory and
focuses on presentation of practical data for the novice and veteran engineer Useful for a wide
range of engineers and technicians (as well as students) in a wide range of industries and
applications
This book describes the design of the first functioning single-sided tomograph, the related
measurement methods, and a number of applications in medicine, materials science, and
chemical engineering. It will be the first comprehensive account of this new device and its
applications. Among the key advances of this method is that images can be obtained in much
shorter times than originally anticipated, and that even vector maps of flow fields can be
measured although the magnetic fields are highly inhomogeneous. Furthermore, the
equipment is small, mobile and affordable to small and medium enterprises and can be located
in doctors’ offices.
Composed of papers presented at the 10th conference on Multiphase flow this book presents
the latest research on the subject. The research included in this volume focuses on using
synergies between experimental and computational techniques to gain a better understanding
of all classes of multiphase and complex flow.
Containing the proceedings of the 11th International Conference on Advances in Fluid
Mechanics held in Ancona Italy, AFM 2016 followed the success of previous global
conferences in the series, the first of which took place in 1996. The success of the conference
continues to attract high quality contributions that present original findings and results. The
field of fluid mechanics is extensive and has numerous and varied applications. Emphasis
within the book is placed on new applications and research currently in progress. A key
purpose is to provide a forum for discussing new work in fluid mechanics and, in particular, for
promoting the interchange of new ideas and the presentation on the latest applications in the
field. The conference covers a wide range of topics such as: Computational methods;
Hydrodynamics; Fluid structure interaction; Bio-fluids; Flow in electronic devices;
Environmental fluid mechanics; Heat and mass transfer; Industrial applications; Energy
systems; Nano and micro fluids; Turbulent flow Jets Fluidics; Droplet and spray dynamics;
Bubble dynamics; Multiphase fluid flow; Aerodynamics and gas dynamics; Pumping and fluid
transportation and Experimental measurements.
These essays present the latest international research results in the field of multiphase flow
and heat transfer. They are based on papers presented at the "Second International
Symposium on Multiphase Flow and Heat Transfer" conducted in China in 1989.
"Provides detailed, comprehensive descriptions of electrostatic processes as well as their
applications in areas such as rheology, atomization and spraying, industrial dust particle
precipitation and filtering, biomedical engineering, gas treatments, atmospheric electricity,
chemical reactors, and electronic devices. Summarizes electrostatic fundamentals and
electrical phenomena in solids and fluids."
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