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During the past 20 years, the field of mechanical engineering has undergone enormous changes. These changes have been
driven by many factors, including: the development of computer technology worldwide competition in industry improvements in the
flow of information satellite communication real time monitoring increased energy efficiency robotics automatic control increased
sensitivity to environmental impacts of human activities advances in design and manufacturing methods These developments
have put more stress on mechanical engineering education, making it increasingly difficult to cover all the topics that a
professional engineer will need in his or her career. As a result of these developments, there has been a growing need for a
handbook that can serve the professional community by providing relevant background and current information in the field of
mechanical engineering. The CRC Handbook of Mechanical Engineering serves the needs of the professional engineer as a
resource of information into the next century.
Over the past two decades, two-phase flow and heat transfer problems associated with two-phase phenomena have been a
challenge to many investigators. Two-phase flow applications are found in a wide range of engineering systems, such as nuclear
and conventional power plants, evaporators of refrigeration systems and a wide vari ety of evaporative and condensive heat
exchangers in the chemical industry. This publication is based on the invited lectures presented at the NATO Advanced Research
Workshop on the Advances in Two-Phase Flow and Heat Transfer. The Horkshop was attended by more than 50 leading
scientists and practicing engineers who work actively on two-phase flow and heat transfer research and applications in dif ferent
sectors (academia, government, industry) of member countries of NATO. Some scientific leaders and experts on the subject
matter from the non-NATO countries were also invited. They convened to discuss the state-of-the-art in two-phase flow and heat
transfer and formulated recommendations for future research directions. To achieve these goals, invited key papers and a limited
number of contributions were presented and discussed. The specific aspects of the subject were treated in depth in the panel
sessions, and the unresolved problems identified. Suitable as a practical reference, these volumes incorporate a systematic
approach to two-phase flow analysis.
Set IV is a new addition to the previous Sets I, II and III. It contains 23 invited chapters from international specialists on the topics
of numerical modeling of pulsating heat pipes and of slug flows with evaporation; lattice Boltzmann modeling of pool boiling;
fundamentals of boiling in microchannels and microfin tubes, CO2 and nanofluids; testing and modeling of micro-two-phase
cooling systems for electronics; and various special topics (flow separation in microfluidics, two-phase sensors, wetting of
anisotropic surfaces, ultra-compact heat exchangers, etc.). The invited authors are leading university researchers and well-known
engineers from leading corporate research laboratories (ABB, IBM, Nokia Bell Labs). Numerous 'must read' chapters are also
included here for the two-phase community. Set IV constitutes a 'must have' engineering and research reference together with
previous Sets I, II and III for thermal engineering researchers and practitioners.
I welcome the opportunity to have my book translated, because of the great emphasis on two-phase flow and heat transfer in the
English-speaking world, as related to research, university education, and industrial practice. The 1988 Springer-Verlag edition of
"Warmeiibergang beim Kondensieren und beim Sieden" has been enlarged to include additional material on falling film
evaporation (Chapter 12) and pressure drop in two-phase flow (Chapter 13). Minor errors in the original text have also been
corrected. I would like to express my sincere appreciation to Professor Green, Asso ciate Professor of German at Rensselaer, for
his excellent translation and co operation. My thanks go also to Professor Bergles for his close attention to technical and linguistic
details. He carefully read the typescript and made many comments and suggestions that helped to improve the manuscript. I hope
that the English edition will meet with' a favorable reception and contribute to better understanding and to progress in the field of
heat transfer in condensation and boiling. February 1992 K. Stephan Preface to the German-Language Edition This book is a
continuation of the series "Heat and Mass Transfer" edited by U. Grigull, in which three volumes have already been published. Its
aim is to acquaint students and practicing engineers with heat transfer during condensa tion and boiling, and is intended primarily
for students and engineers in mechanical, chemical, electrical, and industrial processing engineering.
Introduction to heat and mass transfer for advanced undergraduate and graduate engineering students, used in classrooms for
over 38 years and updated regularly. Topics include conduction, convection, radiation, and phase-change. 2019 edition.
This book provides essential information on and case studies in the fields of energy technology, clean energy, energy efficiency,
sustainability and the environment relevant to academics, researchers, practicing engineers, technologists and students. The
individual chapters present cutting-edge research on key issues and recent developments in thermo-fluid processes, including but
not limited to: energy technologies in process industries, applications of thermo-fluid processes in mining industries, applications of
electrostatic precipitators in thermal power plants, biofuels, energy efficiency in building systems, etc. Helping readers develop an
intuitive understanding of the relevant concepts in and solutions for achieving sustainability in medium and large-scale industries,
the book offers a valuable resource for undergraduate, honors and postgraduate research students in the field of thermo-fluid
engineering.
Completely updated, the sixth edition provides engineers with an in-depth look at the key concepts in the field. It incorporates new
discussions on emerging areas of heat transfer, discussing technologies that are related to nanotechnology, biomedical
engineering and alternative energy. The example problems are also updated to better show how to apply the material. And as
engineers follow the rigorous and systematic problem-solving methodology, they'll gain an appreciation for the richness and beauty
of the discipline.
Designed for engineering graduate students who will later be required to work in industrial or environmental settings where latent
heat transfer is important. The book provides a fundamental treatment of such topics as boiling, condensation, melting and
solidification.
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,
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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.
????????????????????,??????,?????????????????????
Completely updated, the seventh edition provides engineers with an in-depth look at the key concepts in the field. It incorporates
new discussions on emerging areas of heat transfer, discussing technologies that are related to nanotechnology, biomedical
engineering and alternative energy. The example problems are also updated to better show how to apply the material. And as
engineers follow the rigorous and systematic problem-solving methodology, they'll gain an appreciation for the richness and beauty
of the discipline.
Nuclear power has, in recent years, undergone a major transformation, resulting in major technical developments and a new
generation of nuclear scientists and engineers. A comprehensive book that reflects the latest nuclear technologies has been
lacking—until now. The Nuclear Engineering Handbook is a response to this global resurgence of interest in commercial nuclear
power. A broad overview of nuclear power and engineering and their limitless potential, this basic introduction to the field provides
an in-depth discussion of power plants and extensive coverage of the nuclear fuel cycle, waste disposal, and related engineering
technologies. Organized into three sections—Nuclear Power Reactors, Nuclear Fuel Cycle Processes and Facilities, and
Engineering and Analytical Applications—this book addresses the entire nuclear fuel cycle and process. Topics include everything
from the mining, milling, and enrichment of uranium and thorium fuel resources, to fuel fabrication, nuclear materials
transportation, fuel reprocessing, and safe waste disposal. This all-encompassing volume discusses current analytical techniques
related to nuclear engineering, addressing safety, heat transfer, shielding, thermo-hydraulics, and heat physics. Covering reactor
operation and radiation protection, it also outlines the economic considerations involved in building new nuclear power stations
instead of large fossil-fueled plants, and elaborates on concerns regarding the control of emissions from the latter. A review of past
and current nuclear engineering capabilities, this valuable resource covers the gamut of crucial topics, including historical
perspectives, a detailed technological review, and an assessment of the field’s future direction. It is an exceptional tool that will
help readers to foster optimal understanding and use of nuclear power for electricity generation now and in the future.
The field of electronic packaging continues to grow at an amazing rate. To be successful in this field requires analytical skills, a
foundation in mechanical engineering, and access to the latest developments in the electronics field. The emphasis for each
project that the electronic packaging engineer faces changes from project to project, and from company to company, yet some
constants should continue into the foreseeable future. One of these is the emphasis on ther mal design. Although just a few years
ago thermal analysis of electronic equipment was an afterthought, it is becoming one of the primary aspects of many packaging
jobs. It seems that the days of just adding a bigger fan to reduce the overheat ing problem are almost over. Replacing that thought
is the up-front commitment to CFD (Computational Fluid Dynamics) software code, FEA (Finite Element Analysis) software, and
the realization that the problem will only get worse. As the electronic circuit size is reduced, speed is increased. As the power of
these systems increases and the volume allowed diminishes, heat flux or density (heat per unit area, W/m 2 or Btulh ft2) has
spiraled. Much of the improvement in the reliability and packaging density of electronic circuits can be traced to advances in
thermal design. While air cooling is still used extensively, advanced heat transfer techniques using exotic synthetic liquids are
becoming more prominent, allowing still smaller systems to be manufactured. The appli cation of advanced thermal management
techniques requires a background in fluid dynamics.
The subject of the book is uid dynamics and heat transfer in micro-channels. This problem is important for understanding the
complex phenomena associated with single- and two-phase ows in heated micro-channels. The challenge posed by high heat
uxes in electronic chips makes thermal management a key factor in the development of these systems. Cooling of mic- electronic
components by new cooling technologies, as well as improvement of the existing ones, is becoming a necessity as the power
dissipation levels of integrated circuits increases and their sizes decrease. Miniature heat sinks with liquid ows in silicon wafers
could signi cantly improve the performance and reliability of se- conductor devices. The improvements are made by increasing the
effective thermal conductivity, by reducing the temperature gradient across the wafer, by reducing the maximum wafer
temperature, and also by reducing the number and intensity of localized hot spots. A possible way to enhance heat transfer in
systems with high power density is to change the phase in the micro-channels embedded in the device. This has motivated a
number of theoretical and experimental investigations covering various aspects of heat transfer in micro-channel heat sinks with
phase change. The ow and heat transfer in heated micro-channels are accompanied by a n- ber of thermohydrodynamic
processes, such as liquid heating and vaporization, bo- ing, formation of two-phase mixtures with a very complicated inner
structure, etc., which affect signi cantly the hydrodynamic and thermal characteristics of the co- ing systems.

Developing a new treatment of ‘Free Convection Film Flows and Heat Transfer’ began in Shang’s first monograph and
is continued in this monograph. The current book displays the recent developments of laminar forced convection and
forced film condensation. It is aimed at revealing the true features of heat and mass transfer with forced convection film
flows to model the deposition of thin layers. The novel mathematical similarity theory model is developed to simulate
temperature- and concentration- dependent physical processes. The following topics are covered in this book: 1.
Mathematical methods - advanced similarity analysis method to replace the traditional Falkner-Skan type transformation a novel system of similarity analysis and transformation models to overcome the difficult issues of forced convection and
forced film flows - heat and mass transfer equations based on the advanced similarity analysis models and equations
formulated with rigorous key numerical solutions 2. Modeling the influence of physical factors - effect of thermal
dissipation on forced convection heat transfer - a system of models of temperature and concentration-dependent variable
physical properties based on the advanced temperature-parameter model and rigorous analysis model on vapor-gas
mixture physical properties for the rigorous and convenient description of the governing differential equations - an
available approach to satisfy interfacial matching conditions for rigorous and reliable solutions - a system of numerical
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results on velocity, temperature and concentration fields, as well as, key solutions on heat and mass transfer - the effect
of non-condensable gas on heat and mass transfer for forced film condensation. This way it is realized to conveniently
and reliably predict heat and mass transfer for convection and film flows and to resolve a series of current difficult issues
of heat and mass transfer with forced convection film flows. Professionals in this fields as well as graduate students will
find this a valuable book for their work.
This text covers the fundamentals of thermodynamics required to understand electrical power generation systems and
the application of these principles to nuclear reactor power plant systems. It is not a traditional general thermodynamics
text, per se, but a practical thermodynamics volume intended to explain the fundamentals and apply them to the
challenges facing actual nuclear power plants systems, where thermal hydraulics comes to play. Written in a lucid,
straight-forward style while retaining scientific rigor, the content is accessible to upper division undergraduate students
and aimed at practicing engineers in nuclear power facilities and engineering scientists and technicians in industry,
academic research groups, and national laboratories. The book is also a valuable resource for students and faculty in
various engineering programs concerned with nuclear reactors. This book also: Provides extensive coverage of thermal
hydraulics with thermodynamics in nuclear reactors, beginning with fundamental definitions of units and dimensions,
thermodynamic variables, and the Laws of Thermodynamics progressing to sections on specific applications of the
Brayton and Rankine cycles for power generation and projected reactor systems design issues Reinforces fundamentals
of fluid dynamics and heat transfer; thermal and hydraulic analysis of nuclear reactors, two-phase flow and boiling,
compressible flow, stress analysis, and energy conversion methods Includes detailed appendices that cover metric and
English system units and conversions, detailed steam and gas tables, heat transfer properties, and nuclear reactor
system descriptions
Examines current developments in the technology of flow boiling systems which are affected by convective flows. Written
by acknowledged leaders in the field this book consists of revised papers presented at an international conference.
Nuclear power is in the midst of a generational change—with new reactor designs, plant subsystems, fuel concepts, and
other information that must be explained and explored—and after the 2011 Japan disaster, nuclear reactor technologies
are, of course, front and center in the public eye. Written by leading experts from MIT, Nuclear Systems Volume I:
Thermal Hydraulic Fundamentals, Second Edition provides an in-depth introduction to nuclear power, with a focus on
thermal hydraulic design and analysis of the nuclear core. A close examination of new developments in nuclear systems,
this book will help readers—particularly students—to develop the knowledge and design skills required to improve the next
generation of nuclear reactors. Includes a CD-ROM with Extensive Tables for Computation Intended for experts and
senior undergraduate/early-stage graduate students, the material addresses: Different types of reactors Core and plant
performance measures Fission energy generation and deposition Conservation equations Thermodynamics Fluid flow
Heat transfer Imparting a wealth of knowledge, including their longtime experience with the safety aspects of nuclear
installations, authors Todreas and Kazimi stress the integration of fluid flow and heat transfer, various reactor types, and
energy source distribution. They cover recent nuclear reactor concepts and systems, including Generation III+ and IV
reactors, as well as new power cycles. The book features new chapter problems and examples using concept
parameters, and a solutions manual is available with qualifying course adoption.
This book is an expanded form of the monograph, Dropwise Condensation on Inclined Textured Surfaces, Springer,
2013, published earlier by the authors, wherein a mathematical model for dropwise condensation of pure vapor over
inclined textured surfaces was presented, followed by simulations and comparison with experiments. The model factored
in several details of the overall quasi-cyclic process but approximated those at the scale of individual drops. In the last
five years, drop level dynamics over hydrophobic surfaces have been extensively studied. These results can now be
incorporated in the dropwise condensation model. Dropwise condensation is an efficient route to heat transfer and is
often encountered in major power generation applications. Drops are also formed during condensation in distillation
devices that work with diverse fluids ranging from water to liquid metals. Design of such equipment requires careful
understanding of the condensation cycle, starting from the birth of nuclei, followed by molecular clusters, direct growth of
droplets, their coalescence, all the way to instability and fall-off of condensed drops. The model described here considers
these individual steps of the condensation cycle. Additional discussions include drop shape determination under static
conditions, a fundamental study of drop spreading in sessile and pendant configurations, and the details of the drop
coalescence phenomena. These are subsequently incorporated in the condensation model and their consequences are
examined. As the mathematical model is spread over multiple scales of length and time, a parallelization approach to
simulation is presented. Special topics include three-phase contact line modeling, surface preparation techniques,
fundamentals of evaporation and evaporation rates of a single liquid drop, and measurement of heat transfer coefficient
during large-scale condensation of water vapor. We hope that this significantly expanded text meets the expectations of
design engineers, analysts, and researchers working in areas related to phase-change phenomena and heat transfer.
Provides a comprehensive coverage of the basic phenomena. It contains twenty-five chapters which cover different
aspects of boiling and condensation. First the specific topic or phenomenon is described, followed by a brief survey of
previous work, a phenomenological model based on current understanding, and finally a set of recommended design
equations or correlations. Detailed references are listed at the end of each chapter for further reading.
Providing professionals in the field with a comprehensive guide and resource, this book balances three traditional areas
of fluid mechanics - theoretical, computational, and experimental - and expounds on basic science and engineering
techniques. Each chapter discusses the primary issues related to the topic in question, outlines expert approaches, and
supplies references for further information.
?????????????????????????????,?????????????????????????,??????,??????????????????
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Since the first edition of this comprehensive handbook was published ten years ago, many changes have taken place in
engineering and related technologies. Now, this best-selling reference has been updated for the 21st century, providing complete
coverage of classic engineering issues as well as groundbreaking new subject areas. The second edition of The CRC Handbook
of Mechanical Engineering covers every important aspect of the subject in a single volume. It continues the mission of the first
edition in providing the practicing engineer in industry, government, and academia with relevant background and up-to-date
information on the most important topics of modern mechanical engineering. Coverage of traditional topics has been updated,
including sections on thermodynamics, solid and fluid mechanics, heat and mass transfer, materials, controls, energy conversion,
manufacturing and design, robotics, environmental engineering, economics and project management, patent law, and
transportation. Updates to these sections include new references and information on computer technology related to the topics.
This edition also includes coverage of new topics such as nanotechnology, MEMS, electronic packaging, global climate change,
electric and hybrid vehicles, and bioengineering.
On its original publication in 1973, this book was the first reference for engineers to fully present the science of boiling and
condensation. It dealt especially with the problems of estimating heat transfer rates and pressure drops, with particular attention to
the occurrence of boiling and condensation in the presence of forced flows within pipes. The new third edition was written primarily
for design and development engineers in the chemical process, power generation, and refrigeration industries, and is meant to be
an aid in the design of heat exchangers. It covers recent advances and significantly broadens coverage to flows over tube
bundles, with extensive new treatment of two-phase heat transfer regarding refrigerants and petrochemicals. Many new problems
have been added at the end of each chapter to enhance the book's use as a text in advanced courses on two-phase flow and heat
transfer. Instructors using the book as a course text may obtain full solutions to the end-of-chapter problems by writing to: Science
Marketing Dept., Oxford University Press, 198 Madison Avenue, New York, NY 10016 (please include school name and course
identification), or by faxing (212) 726-6442.
Gives a foundation to the four principle facets of thermal design: heat transfer analysis, materials performance, heating and
cooling technology, and instrumentation and control. The focus is on providing practical thermal design and development guidance
across the spectrum of problem analysis, material applications, equipment specification, and sensor and control selection.
This text is an introduction to gas-liquid two-phase flow, boiling and condensation for graduate students, professionals, and
researchers in mechanical, nuclear, and chemical engineering. The book provides a balanced coverage of two-phase flow and
phase change fundamentals, well-established art and science dealing with conventional systems, and the rapidly developing areas
of microchannel flow and heat transfer. It is based on the author's more than 15 years of teaching experience. Instructors teaching
multiphase flow have had to rely on a multitude of books and reference materials. This book remedies that problem by covering all
the topics essential for a graduate course. Important areas include: two-phase flow model conservation equations and their
numerical solution; condensation with and without noncondensables; and two-phase flow, boiling, and condensation in mini and
microchannels.
For more than 50 years, the Springer VDI Heat Atlas has been an indispensable working means for engineers dealing with
questions of heat transfer. Featuring 50% more content, this new edition covers most fields of heat transfer in industrial and
engineering applications. It presents the interrelationships between basic scientific methods, experimental techniques, modelbased analysis and their transfer to technical applications.
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-todate 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.
Convective Boiling and CondensationClarendon Press
Advances in Heat Transfer
This Brief concerns the important problem of critical heat flux in flow boiling in microchannels. A companion edition in the
SpringerBrief Subseries on Thermal Engineering and Applied Science to “Heat Transfer and Pressure Drop in Flow Boiling in
Microchannels,” by the same author team, this volume is idea for professionals, researchers, and graduate students concerned
with electronic cooling.
This book presents recent developments in our systematic studies of hydrodynamics and heat and mass transfer in laminar free
convection, accelerating film boiling and condensation of Newtonian fluids, as well as accelerating film flow of non-Newtonian
power-law fluids (FFNF). These new developments provided in this book are (i) novel system of analysis models based on the
developed New Similarity Analysis Method; (ii) a system of advanced methods for treatment of gas temperature- dependent
physical properties, and liquid temperature- dependent physical properties; (iii) the organically combined models of the governing
mathematical models with those on treatment model of variable physical properties; (iv) rigorous approach of overcoming a
challenge on accurate solution of three-point boundary value problem related to two-phase film boiling and condensation; and (v)
A pseudo-similarity method of dealing with thermal boundary layer of FFNF for greatly simplifies the heat-transfer analysis and
numerical calculation. A system of practical application equations on heat and mass transfer are provided in each chapter, which
are formulated based on the rigorous numerical solutions with consideration of variable physical properties. In addition, in the
second edition, other new research developments are further included on resolving an even big challenge associated with
investigations of laminar free film condensation of vapour-gas mixture. They involve the novel methods for treatment of
concentration- and temperature- dependent physical properties of vapour-gas mixture, and for rigorous solution of interfacial
vapour saturation temperature, which have lead to rigorous analysis and calculation results on two-phase film flow velocity,
temperature, and concentration fields, as well as condensate heat and mass transfer.
* Third edition of a well-known and well established text both in industry and for teaching * Fully up-to-date and includes extra
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problems This book is an aid to heat exchanger design written primarily for design and development engineers in the chemical
process, power generation, and refrigeration industries. It provides a comprehensive reference on two-phase flows, boiling, and
condensation. The text covers all the latest advances like flows over tube bundles and two-phase heat transfer regarding
refrigerants and petrochemicals. Another feature of this third edition is many new problems at chapter ends to enhance its use as
a teaching text for graduate and post-graduate courses on two-phase flow and heat transfer. - ;This book is written for practising
engineers as a comprehensive reference on two-phase flows, boiling, and condensation. It deals with methods for estimating twophase flow pressure drops and heat transfer rates. It is a well-known reference book in its third edition and is also used as a text
for advanced university courses. Both authors write from practical experience as both are professional engineers. Equips students with the essential knowledge, skills, and confidence to solve real-world heat transfer problems using EES,
MATLAB, and FEHT.
This book is unique in its in-depth coverage of heat transfer and fluid mechanics including numerical and computer methods,
applications, thermodynamics and fluid mechanics. It will serve as a comprehensive resource for professional engineers well into
the new millennium. Some of the material will be drawn from the "Handbook of Mechanical Engineering," but with expanded
information in such areas as compressible flow and pumps, conduction, and desalination.
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