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Presents comprehensive coverage of the subject of thermodynamics from a chemical engineering viewpoint. This text
provides an exposition of the principles of thermodynamics and details their application to chemical processes. It contains
problems, examples, and illustrations to help students understand complex concepts.
The laws of thermodynamics the science that deals with energy and its transformation have wide applicability in several
branches of engineering and science. The revised edition of this introductory text for undergraduate engineering courses
covers the physical concepts of thermodynamics and demonstrates the underlying principles through practical situations.
The traditional classical (macroscopic) approach is used in this text. Numerous solved examples and more than 550
unsolved problems (included as chapter-end exercises) will help the reader gain confidence for applying the principles of
thermodynamics in real-life problems. Sufficient data needed for solving problems have been included in the appendices.
A focused look at the principles and applications of thermodynamics Offering a concise, highly focused approach,
Sonntag and Borgnakke's Introduction to Engineering Thermodynamics, 2nd Edition is ideally suited for a one-semester
course or the first course in a thermal-fluid sciences sequence. Based on their highly successful text, Fundamentals of
Thermodynamics, Introduction to Engineering Thermodynamics, 2nd Edition covers both fundamental principles and
practical applications in a more student-friendly format. The authors guide students, from readily measured
thermodynamic properties through basic concepts like internal energy, entropy, and the first and second laws, up through
brief coverage of psychrometrics, power cycles, and an introduction to combustion and heat transfer. Highlights of the
Second Edition * New chapter on Chemical Reactions. * Revised coverage of heat transfer, with a stronger emphasis on
applications. * New Concept Checkpoints, which allow students to test themselves on how well they understand concepts
just presented. * How-to sections at the end of most chapters, which answer commonly asked questions. * Revised
examples, illustrations, and homework problems, as well as a large number of new problems. * ThermoNet online
tutorials, with accompanying graphics, animations, and video clips. Available online with the registration code in this text.
* Computer-Aided Thermodynamic Tables 2 Software (CATT2) by Claus Borgnakke, provides automated table lookup
and interpolation of property data for a wide variety of substances. Available for download on the text's website.
An introduction to thermal physics which combines both a macroscopic and microscopic approach for each method,
giving a basis for further studies of the properties of matter, whether from a thermodynamic or statistical angle.
Modern Thermodynamics: From Heat Engines to Dissipative Structures, Second Edition presents a comprehensive
introduction to 20th century thermodynamics that can be applied to both equilibrium and non-equilibrium systems,
unifying what was traditionally divided into ‘thermodynamics’ and ‘kinetics’ into one theory of irreversible processes.
This comprehensive text, suitable for introductory as well as advanced courses on thermodynamics, has been widely
used by chemists, physicists, engineers and geologists. Fully revised and expanded, this new edition includes the
following updates and features: Includes a completely new chapter on Principles of Statistical Thermodynamics. Presents
new material on solar and wind energy flows and energy flows of interest to engineering. Covers new material on selforganization in non-equilibrium systems and the thermodynamics of small systems. Highlights a wide range of
applications relevant to students across physical sciences and engineering courses. Introduces students to
computational methods using updated Mathematica codes. Includes problem sets to help the reader understand and
apply the principles introduced throughout the text. Solutions to exercises and supplementary lecture material provided
online at http://sites.google.com/site/modernthermodynamics/. Modern Thermodynamics: From Heat Engines to
Dissipative Structures, Second Edition is an essential resource for undergraduate and graduate students taking a course
in thermodynamics.
The philosophy of the text is based on the development of an inductive approach to the formulation and solution of
applied problems. Explores the principle that heat transfer rests on, but goes beyond, thermodynamics. Ideal as an
introduction to engineering heat transfer.
"A large number of exercises of a broad range of difficulty make this book even more useful…a good addition to the literature on
thermodynamics at the undergraduate level." — Philosophical Magazine Although written on an introductory level, this wide-ranging
text provides extensive coverage of topics of current interest in equilibrium statistical mechanics. Indeed, certain traditional topics
are given somewhat condensed treatment to allow room for a survey of more recent advances. The book is divided into four major
sections. Part I deals with the principles of quantum statistical mechanics and includes discussions of energy levels, states and
eigenfunctions, degeneracy and other topics. Part II examines systems composed of independent molecules or of other
independent subsystems. Topics range from ideal monatomic gas and monatomic crystals to polyatomic gas and configuration of
polymer molecules and rubber elasticity. An examination of systems of interacting molecules comprises the nine chapters in Part
Ill, reviewing such subjects as lattice statistics, imperfect gases and dilute liquid solutions. Part IV covers quantum statistics and
includes sections on Fermi-Dirac and Bose-Einstein statistics, photon gas and free-volume theories of quantum liquids. Each
chapter includes problems varying in difficulty — ranging from simple numerical exercises to small-scale "research" propositions. In
addition, supplementary reading lists for each chapter invite students to pursue the subject at a more advanced level. Readers are
assumed to have studied thermodynamics, calculus, elementary differential equations and elementary quantum mechanics.
Because of the flexibility of the chapter arrangements, this book especially lends itself to use in a one-or two-semester graduate
course in chemistry, a one-semester senior or graduate course in physics or an introductory course in statistical mechanics.
This innovative book uses unifying themes so that the boundaries between thermodynamics, heat transfer, and fluid mechanics
become transparent. It begins with an introduction to the numerous engineering applications that may require the integration of
principles and tools from these disciplines. The authors then present an in-depth examination of the three disciplines, providing
readers with the necessary background to solve various engineering problems. The remaining chapters delve into the topics in
more detail and rigor. Numerous practical engineering applications are mentioned throughout to illustrate where and when certain
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equations, concepts, and topics are needed. A comprehensive introduction to thermodynamics, fluid mechanics, and heat transfer,
this title: Develops governing equations and approaches in sufficient detail, showing how the equations are based on fundamental
conservation laws and other basic concepts. Explains the physics of processes and phenomena with language and examples that
have been seen and used in everyday life. Integrates the presentation of the three subjects with common notation, examples, and
problems. Demonstrates how to solve any problem in a systematic, logical manner. Presents material appropriate for an
introductory level course on thermodynamics, heat transfer, and fluid mechanics.
This text combines thermodynamics and fluid mechanics, with a short introduction to heat transfer. Taking a well-balanced
approach, the authors clearly demonstrate the connections among the three interrelated subjects. Because of the consistent
terminology and continuity, students will find it easier to learn the three subjects. The book provides the appropriate amount of
material for non-mechanical engineering students. Addressing various levels of difficulty, the authors provide a wealth of examples
and exercises, including synthesis problems and design problems.
This survey of thermal systems engineering combines coverage of thermodynamics, fluid flow, and heat transfer in one volume.
Developed by leading educators in the field, this book sets the standard for those interested in the thermal-fluids market. Drawing
on the best of what works from market leading texts in thermodynamics (Moran), fluids (Munson) and heat transfer (Incropera),
this book introduces thermal engineering using a systems focus, introduces structured problem-solving techniques, and provides
applications of interest to all engineers.
This textbook facilitates students’ ability to apply fundamental principles and concepts in classical thermodynamics to solve
challenging problems relevant to industry and everyday life. It also introduces the reader to the fundamentals of statistical
mechanics, including understanding how the microscopic properties of atoms and molecules, and their associated intermolecular
interactions, can be accounted for to calculate various average properties of macroscopic systems. The author emphasizes
application of the fundamental principles outlined above to the calculation of a variety of thermodynamic properties, to the
estimation of conversion efficiencies for work production by heat interactions, and to the solution of practical thermodynamic
problems related to the behavior of non-ideal pure fluids and fluid mixtures, including phase equilibria and chemical reaction
equilibria. The book contains detailed solutions to many challenging sample problems in classical thermodynamics and statistical
mechanics that will help the reader crystallize the material taught. Class-tested and perfected over 30 years of use by nine-time
Best Teaching Award recipient Professor Daniel Blankschtein of the Department of Chemical Engineering at MIT, the book is ideal
for students of Chemical and Mechanical Engineering, Chemistry, and Materials Science, who will benefit greatly from in-depth
discussions and pedagogical explanations of key concepts. Distills critical concepts, methods, and applications from leading fulllength textbooks, along with the author’s own deep understanding of the material taught, into a concise yet rigorous graduate and
advanced undergraduate text; Enriches the standard curriculum with succinct, problem-based learning strategies derived from the
content of 50 lectures given over the years in the Department of Chemical Engineering at MIT; Reinforces concepts covered with
detailed solutions to illuminating and challenging homework problems.
Among the many laws of science, there are four laws that direct and constrain everything that happens in the Universe. From the
sudden expansion of a cloud of gas to the unfurling of a leaf they help us understand the course of life itself. In this Very Short
Introduction Peter Atkins' explains what the four laws are and how they work.
Textbook concisely introduces engineering thermodynamics, covering concepts including energy, entropy, equilibrium and
reversibility Novel explanation of entropy and the second law of thermodynamics Presents abstract ideas in an easy to understand
manner Includes solved examples and end of chapter problems Accompanied by a website hosting a solutions manual
This book is a beginners introduction to chemical thermodynamics for engineers. In the textbook efforts have been made to
visualize as clearly as possible the main concepts of thermodynamic quantities such as enthalpy and entropy, thus making them
more perceivable. Furthermore, intricate formulae in thermodynamics have been discussed as functionally unified sets of formulae
to understand their meaning rather than to mathematically derive them in detail. In this textbook, the affinity of irreversible
processes, defined by the second law of thermodynamics, has been treated as the main subject, rather than the equilibrium of
chemical reactions. The concept of affinity is applicable in general not only to the processes of chemical reactions but also to all
kinds of irreversible processes. This textbook also includes electrochemical thermodynamics in which, instead of the classical
phenomenological approach, molecular science provides an advanced understanding of the reactions of charged particles such as
ions and electrons at the electrodes. Recently, engineering thermodynamics has introduced a new thermodynamic potential called
exergy, which essentially is related to the concept of the affinity of irreversible processes. This textbook discusses the relation
between exergy and affinity and explains the exergy balance diagram and exergy vector diagram applicable to exergy analyses in
chemical manufacturing processes. This textbook is written in the hope that the readers understand in a broad way the
fundamental concepts of energy and exergy from chemical thermodynamics in practical applications. Finishing this book, the
readers may easily step forward further into an advanced text of their specified line. - Visualizes the main concepts of
thermodynamics to show the meaning of the quantities and formulae. - Focuses mainly on the affinity of irreversible processes and
the related concept of exergy. - Provides an advanced understanding of electrochemical thermodynamics.
The only text to cover both thermodynamic and statistical mechanics--allowing students to fully master thermodynamics at the
macroscopic level. Presents essential ideas on critical phenomena developed over the last decade in simple, qualitative terms.
This new edition maintains the simple structure of the first and puts new emphasis on pedagogical considerations.
Thermostatistics is incorporated into the text without eclipsing macroscopic thermodynamics, and is integrated into the conceptual
framework of physical theory.
This book is an introduction to thermodynamics, fluid mechanics, heat transfer, and combustion for beginning engineering
students.
A Practical, Up-to-Date Introduction to Applied Thermodynamics, Including Coverage of Process Simulation Models and an
Introduction to Biological Systems Introductory Chemical Engineering Thermodynamics, Second Edition, helps readers master the
fundamentals of applied thermodynamics as practiced today: with extensive development of molecular perspectives that enables
adaptation to fields including biological systems, environmental applications, and nanotechnology. This text is distinctive in making
molecular perspectives accessible at the introductory level and connecting properties with practical implications. Features of the
second edition include Hierarchical instruction with increasing levels of detail: Content requiring deeper levels of theory is clearly
delineated in separate sections and chapters Early introduction to the overall perspective of composite systems like distillation
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columns, reactive processes, and biological systems Learning objectives, problem-solving strategies for energy balances and
phase equilibria, chapter summaries, and “important equations” for every chapter Extensive practical examples, especially
coverage of non-ideal mixtures, which include water contamination via hydrocarbons, polymer blending/recycling, oxygenated
fuels, hydrogen bonding, osmotic pressure, electrolyte solutions, zwitterions and biological molecules, and other contemporary
issues Supporting software in formats for both MATLAB® and spreadsheets Online supplemental sections and resources including
instructor slides, ConcepTests, coursecast videos, and other useful resources
Introduction to Thermal and Fluid Engineering combines coverage of basic thermodynamics, fluid mechanics, and heat transfer for
a one- or two-term course for a variety of engineering majors. The book covers fundamental concepts, definitions, and models in
the context of engineering examples and case studies. It carefully explains the methods used to evaluate changes in equilibrium,
mass, energy, and other measurable properties, most notably temperature. It then also discusses techniques used to assess the
effects of those changes on large, multi-component systems in areas ranging from mechanical, civil, and environmental
engineering to electrical and computer technologies. Includes a motivational student study guide on CD to promote successful
evaluation of energy systems This material helps readers optimize problem solving using practices to determine equilibrium limits
and entropy, as well as track energy forms and rates of progress for processes in both closed and open thermodynamic systems.
Presenting a variety of system examples, tables, and charts to reinforce understanding, the book includes coverage of: How
automobile and aircraft engines work Construction of steam power plants and refrigeration systems Gas and vapor power
processes and systems Application of fluid statics, buoyancy, and stability, and the flow of fluids in pipes and machinery Heat
transfer and thermal control of electronic components Keeping sight of the difference between system synthesis and analysis, this
book contains numerous design problems. It would be useful for an intensive course geared toward readers who know basic
physics and mathematics through ordinary differential equations but might not concentrate on thermal/fluids science much further.
Written by experts in diverse fields ranging from mechanical, chemical, and electrical engineering to applied mathematics, this
book is based on the assertion that engineers from all walks absolutely must understand energy processes and be able to quantify
them.

A fully comprehensive guide to thermal systems designcovering fluid dynamics, thermodynamics, heat transfer
andthermodynamic power cycles Bridging the gap between the fundamental concepts of fluidmechanics, heat transfer
and thermodynamics, and the practicaldesign of thermo-fluids components and systems, this textbookfocuses on the
design of internal fluid flow systems, coiled heatexchangers and performance analysis of power plant systems. Thetopics
are arranged so that each builds upon the previous chapterto convey to the reader that topics are not stand-alone
itemsduring the design process, and that they all must come together toproduce a successful design. Because the
complete design or modification of modern equipmentand systems requires knowledge of current industry practices,
theauthors highlight the use of manufacturer’s catalogs toselect equipment, and practical examples are included
throughout togive readers an exhaustive illustration of the fundamental aspectsof the design process. Key Features:
Demonstrates how industrial equipment and systems are designed,covering the underlying theory and practical
application ofthermo-fluid system design Practical rules-of-thumb are included in the text as‘Practical Notes’ to underline
their importance incurrent practice and provide additional information Includes an instructor’s manual hosted on
thebook’s companion website
Introduction to Thermodynamics and Heat Transfer provides balanced coverage of the basic concepts of
thermodynamics and heat transfer.Together with the clear an numerous illustrations, student-friendly writing style, and
manageable math, this is an ideal text for an introductory thermal science course for non-mechanical engineering majors.
Continuing in the tradition of Cengel/Boles: Thermodynamics, this lavishly illustrated text presents the key topics in
thermodynamics and heat transfer, in a highly accessible student-friendly fashion. The flexibly organized text can
accommodate courses that spend anywhere from 1/3rd to 2/3rds or more of class time on thermodynamics and the rest
on key heat transfer topics. The intuitive approach is supported by a wealth of physical explanations and analogies that
draw parallels between the subject and the students' everyday experiences. Many of the 150 thoroughly worked out
examples and almost 2,000 real-world problems, highlight applications from civil and electrical engineering. Over 1,000
illustrations help students visualize concepts,This approach and contents make this text an ideal resource for introduction
to thermodynamics and/or thermal science courses intended for non-mechanical engineering majors.
This book provides an introduction to basic thermodynamic engine cycle simulations, and provides a substantial set of
results. Key features includes comprehensive and detailed documentation of the mathematical foundations and solutions
required for thermodynamic engine cycle simulations. The book includes a thorough presentation of results based on the
second law of thermodynamics as well as results for advanced, high efficiency engines. Case studies that illustrate the
use of engine cycle simulations are also provided.
The first comprehensive graduate-level introduction to stochastic thermodynamics Stochastic thermodynamics is a welldefined subfield of statistical physics that aims to interpret thermodynamic concepts for systems ranging in size from a
few to hundreds of nanometers, the behavior of which is inherently random due to thermal fluctuations. This growing field
therefore describes the nonequilibrium dynamics of small systems, such as artificial nanodevices and biological
molecular machines, which are of increasing scientific and technological relevance. This textbook provides an up-to-date
pedagogical introduction to stochastic thermodynamics, guiding readers from basic concepts in statistical physics,
probability theory, and thermodynamics to the most recent developments in the field. Gradually building up to more
advanced material, the authors consistently prioritize simplicity and clarity over exhaustiveness and focus on the
development of readers’ physical insight over mathematical formalism. This approach allows the reader to grow as the
book proceeds, helping interested young scientists to enter the field with less effort and to contribute to its ongoing
vibrant development. Chapters provide exercises to complement and reinforce learning. Appropriate for graduate
students in physics and biophysics, as well as researchers, Stochastic Thermodynamics serves as an excellent initiation
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to this rapidly evolving field. Emphasizes a pedagogical approach to the subject Highlights connections with the
thermodynamics of information Pays special attention to molecular biophysics applications Privileges physical intuition
over mathematical formalism Solutions manual available on request for instructors adopting the book in a course
This book, now in its second edition, continues to provide a comprehensive introduction to the principles of chemical
engineering thermodynamics and also introduces the student to the application of principles to various practical areas.
The book emphasizes the role of the fundamental principles of thermodynamics in the derivation of significant
relationships between the various thermodynamic properties. The initial chapter provides an overview of the basic
concepts and processes, and discusses the important units and dimensions involved. The ensuing chapters, in a logical
presentation, thoroughly cover the first and second laws of thermodynamics, the heat effects, the thermodynamic
properties and their relations, refrigeration and liquefaction processes, and the equilibria between phases and in chemical
reactions. The book is suitably illustrated with a large number of visuals. In the second edition, new sections on QuasiStatic Process and Entropy Change in Reversible and Irreversible Processes are included. Besides, new Solved Model
Question Paper and several new Multiple Choice Questions are also added that help develop the students’ ability and
confidence in the application of the underlying concepts. Primarily intended for the undergraduate students of chemical
engineering and other related engineering disciplines such as polymer, petroleum and pharmaceutical engineering, the
book will also be useful for the postgraduate students of the subject as well as professionals in the relevant fields.
Imparts the similarities and differences between ratified and condensed matter, classical and quantum systems as well
as real and ideal gases. Presents the quasi-thermodynamic theory of gas-liquid interface and its application for density
profile calculation within the van der Waals theory of surface tension. Uses inductive logic to lead readers from
observation and facts to personal interpretation and from specific conclusions to general ones.
This text provides balanced coverage of the basic concepts of thermodynamics and heat transfer. Together with the
illustrations, student-friendly writing style, and accessible math, this is an ideal text for an introductory thermal science
course for non-mechanical engineering majors.
Uses an integrated approach to show the interrelationships between thermodynamics, heat transfer and fluid dynamics,
stressing the physics of each. Mathematical description is included to allow the solution of simple problems in thermal
sciences. New to this edition--SI and English units plus twice as many example problems which emphasize practical
applications of the principles discussed.
A comprehensive and rigorous introduction to thermal system designfrom a contemporary perspective Thermal Design
and Optimization offers readers a lucid introductionto the latest methodologies for the design of thermal systems
andemphasizes engineering economics, system simulation, andoptimization methods. The methods of exergy analysis,
entropygeneration minimization, and thermoeconomics are incorporated in anevolutionary manner. This book is one of
the few sources available that addresses therecommendations of the Accreditation Board for Engineering andTechnology
for new courses in design engineering. Intended forclassroom use as well as self-study, the text provides a review
offundamental concepts, extensive reference lists, end-of-chapterproblem sets, helpful appendices, and a
comprehensive case studythat is followed throughout the text. Contents include: * Introduction to Thermal System Design
* Thermodynamics, Modeling, and Design Analysis * Exergy Analysis * Heat Transfer, Modeling, and Design Analysis *
Applications with Heat and Fluid Flow * Applications with Thermodynamics and Heat and Fluid Flow * Economic Analysis
* Thermoeconomic Analysis and Evaluation * Thermoeconomic Optimization Thermal Design and Optimization offers
engineering students,practicing engineers, and technical managers a comprehensive andrigorous introduction to thermal
system design and optimizationfrom a distinctly contemporary perspective. Unlike traditionalbooks that are largely
oriented toward design analysis andcomponents, this forward-thinking book aligns itself with anincreasing number of
active designers who believe that moreeffective, system-oriented design methods are needed. Thermal Design and
Optimization offers a lucid presentation ofthermodynamics, heat transfer, and fluid mechanics as they areapplied to the
design of thermal systems. This book broadens thescope of engineering design by placing a strong emphasis
onengineering economics, system simulation, and optimizationtechniques. Opening with a concise review of
fundamentals, itdevelops design methods within a framework of industrialapplications that gradually increase in
complexity. Theseapplications include, among others, power generation by large andsmall systems, and cryogenic
systems for the manufacturing,chemical, and food processing industries. This unique book draws on the best
contemporary thinking aboutdesign and design methodology, including discussions of concurrentdesign and quality
function deployment. Recent developments basedon the second law of thermodynamics are also included, especiallythe
use of exergy analysis, entropy generation minimization, andthermoeconomics. To demonstrate the application of
important designprinciples introduced, a single case study involving the design ofa cogeneration system is followed
throughout the book. In addition, Thermal Design and Optimization is one of the best newsources available for meeting
the recommendations of theAccreditation Board for Engineering and Technology for more designemphasis in engineering
curricula. Supported by extensive reference lists, end-of-chapter problemsets, and helpful appendices, this is a superb
text for both theclassroom and self-study, and for use in industrial design,development, and research. A detailed
solutions manual is availablefrom the publisher.
CD-ROM contains: "examples related to the text".
Take some heat off the complexity of thermodynamics Does the mere thought of thermodynamics make you sweat? It
doesn't have to! This hands-on guide helps you score your highest in a thermodynamics course by offering easily
understood, plain-English explanations of how energy is used in things like automobiles, airplanes, air conditioners, and
electric power plants. Thermodynamics 101 — take a look at some examples of both natural and man-made
thermodynamic systems and get a handle on how energy can be used to perform work Turn up the heat — discover how
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to use the first and second laws of thermodynamics to determine (and improve upon) the efficiency of machines Oh,
behave — get the 411 on how gases behave and relate to one another in different situations, from ideal-gas laws to real
gases Burn with desire — find out everything you need to know about conserving mass and energy in combustion
processes Open the book and find: The laws of thermodynamics Important properties and their relationships The
lowdown on solids, liquids, and gases How work and heat go handin hand The cycles that power thermodynamic
processes Chemical mixtures and reactions Ten pioneers in thermodynamics Real-world applications of thermodynamic
laws and concepts Learn to: Master the concepts and principles of thermodynamics Develop the problem-solving skills
used by professional engineers Ace your thermodynamics course
As the title implies, this book provides an introduction to thermodynamics for students on degree and HND courses in
engineering. These courses are placing increased emphasis on business, design, management, and manufacture. As a
consequence, the direct class-time for thermodynamics is being reduced and students are encouraged to self learn. This
book has been written with this in mind. The text is brief and to the point, with a minimum of mathematical content. Each
chapter defines a list of aims and concludes with a short summary. The summary provides an overview of the key words,
phrases and equations introduced within the chapter. It is recognized that students see thermodynamics as a problemsolving activity and this is reflected by the emphasis on the modelling of situations. As a guide to problem solving, worked
examples are included throughout the book. In addition, students are encouraged to work through the problems at the
end of each chapter, for which outline solutions are provided. There is a certain timelessness about thermodynamics
because the funda mentals do not change. However, there is currently some debate over which sign convention should
apply to work entering, or leaving, a thermodynamic system. I have retained the traditional convention of work out of a
system being positive. This fits in with the concept of a heat engine as a device that takes in heat and, as a result,
produces positive work.
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