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Turbulent transport of momentum, heat and matter dominates many of the fluid flows
found in physics, engineering and the environmental sciences. Complicated unsteady
motions which mayor may not count as turbulence are found in interstellar dust clouds
and in the larger blood vessels. The fascination of this nonlinear, irreversible stochastic
process for pure scientists is demonstrated by the contributions made to its
understanding by several of the most distinguished mathematical physicists of this
century, and its importance to engineers is evident from the wide variety of industries
which have contributed to, or benefit from, our current knowledge. Several books on
turbulence have appeared in recent years. Taken collectively, they illustrate the depth
of the subject, from basic principles accessible to undergraduates to elaborate
mathematical solutions representing many years of work, but there is no one account
which emphasizes its breadth. For this, a multi-author work is necessary. This book is
an introduction to our state of knowledge of turbulence in most of the branches of
science which have contributed to that knowledge. It is not a Markovian sequence of
unrelated essays, and we have not simply assembled specialized accounts of
turbulence problems in each branch; this book is a unified treatment, with the material
classified according to phenomena rather than application, and freed as far as possible
from discipline-oriented detail. The approach is "applied" rather than "pure" with the aim
of helping people who need to under stand or predict turbulence in real life.
This book introduces two of the most exciting heat pumping technologies, the
coabsorbent and the thermal recovery (mechanical vapor) compression, characterized
by a high potential in primary energy savings and environmental protection. New cycles
with potential applications of nontruncated, truncated, hybrid truncated, and multi-effect
coabsorbent types are introduced in this work. Thermal-to-work recovery compression
(TWRC) is the first of two particular methods explored here, including how superheat is
converted into work, which diminishes the compressor work input. In the second
method, thermal-to-thermal recovery compression (TTRC), the superheat is converted
into useful cooling and/or heating, and added to the cycle output effect via the
coabsorbent technology. These and other methods of discharge gas superheat
recovery are analyzed for single-, two-, three-, and multi-stage compression cooling
and heating, ammonia and ammonia-water cycles, and the effectiveness results are
given. The author presents absorption-related topics, including the divided-device
method for mass and heat transfer analysis, and truncation as a unique method for a
better source-task match. Along with advanced gax recovery, the first and second
principles of COP and exergy calculation, the ideal point approaching (i.p.a.) effect and
the two-point theory of mass and heat transfer, the book also addresses the new
wording of the Laplace equation, the Marangoni effect true explanation, and the new
mass and heat exchangers based on this effect. The work goes on to explore
coabsorbent separate and combined cooling, heating, and power (CHP) production and
advanced water-lithium bromide cycle air-conditioning, as well as analyzing highefficiency ammonia-water heat-driven heating and industrial low-temperature cooling, in
detail. Readers will learn how coabsorbent technology is based on classic absorption,
but is more general. It is capable of offering effective solutions for all cooling and
heating applications (industry, agriculture, district, household, etc.), provided that two
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supplying heat-sink sources with temperatures outdistanced by a minimum of 12-15oC
are available. This book has clear and concise presentation and illustrates the theory
and applications with diagrams, tables, and flowcharts.
In a field where change and growth is inevitable, new electronic packaging problems
continually arise. Smaller, more powerful devices are prone to overheating, causing
intermittent system failures, corrupted signals, lower MTBF, and outright system failure.
Since convection cooling is the heat transfer path most engineers take to deal with
thermal problems, it is appropriate to gain as much understanding about the underlying
mechanisms of fluid motion as possible. Thermal Design of Electronic Equipment is the
only book that specifically targets the formulas used by electronic packaging and
thermal engineers. It presents heat transfer equations dealing with polyalphaolephin
(PAO), silicone oils, perfluorocarbons, and silicate ester-based liquids. Instead of
relying on theoretical expressions and text explanations, the author presents empirical
formulas and practical techniques that allow you to quickly solve nearly any thermal
engineering problem in electronic packaging.
A practical and accessible introductory textbook that enables engineering students to
design and optimize typical thermofluid systems Engineering Design and Optimization
of Thermofluid Systems is designed to help students and professionals alike
understand the design and optimization techniques used to create complex engineering
systems that incorporate heat transfer, thermodynamics, fluid dynamics, and mass
transfer. Designed for thermal systems design courses, this comprehensive textbook
covers thermofluid theory, practical applications, and established techniques for
improved performance, efficiency, and economy of thermofluid systems. Students gain
a solid understanding of best practices for the design of pumps, compressors, heat
exchangers, HVAC systems, power generation systems, and more. Covering the
material using a pragmatic, student-friendly approach, the text begins by introducing
design, optimization, and engineering economics—with emphasis on the importance of
engineering optimization in maximizing efficiency and minimizing cost. Subsequent
chapters review representative thermofluid systems and devices and discuss basic
mathematical models for describing thermofluid systems. Moving on to system
simulation, students work with the classical calculus method, the Lagrange multiplier,
canonical search methods, and geometric programming. Throughout the text, examples
and practice problems integrate emerging industry technologies to show students how
key concepts are applied in the real world. This well-balanced textbook: Integrates
underlying thermofluid principles, the fundamentals of engineering design, and a variety
of optimization methods Covers optimization techniques alongside thermofluid system
theory Provides readers best practices to follow on-the-job when designing thermofluid
systems Contains numerous tables, figures, examples, and problem sets Emphasizing
optimization techniques more than any other thermofluid system textbook available,
Engineering Design and Optimization of Thermofluid Systems is the ideal textbook for
upper-level undergraduate and graduate students and instructors in thermal systems
design courses, and a valuable reference for professional mechanical engineers and
researchers in the field.
Amidst tightening requirements for eliminating CFC's, HCFC's, halons, and HFC's from
use in air conditioning and heat pumps, the search began for replacements that are
environmentally benign, non-flammable, and similar to the banned refrigerants in
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system-level behavior. Refrigerant mixtures are increasingly used as working fluids
because they demo
The term transport phenomena is used to describe processes in which mass,
momentum, energy and entropy move about in matter. Advances in Transport
Phenomena provide state-of-the-art expositions of major advances by theoretical,
numerical and experimental studies from a molecular, microscopic, mesoscopic,
macroscopic or megascopic point of view across the spectrum of transport p- nomena,
from scientific enquiries to practical applications. The annual review series intends to fill
the information gap between regularly published journals and university-level textbooks
by providing in-depth review articles over a broader scope than in journals. The
authoritative articles, contributed by international- leading scientists and practitioners,
establish the state of the art, disseminate the latest research discoveries, serve as a
central source of reference for fundamentals and applications of transport phenomena,
and provide potential textbooks to senior undergraduate and graduate students. The
series covers mass transfer, fluid mechanics, heat transfer and thermo- namics. The
2009 volume contains the four articles on biomedical, environmental and nanoscale
transports. The editorial board expresses its appreciation to the c- tributing authors and
reviewers who have maintained the standard associated with Advances in Transport
Phenomena. We also would like to acknowledge the efforts of the staff at Springer who
have made the professional and attractive pr- entation of the volume. Serial Editorial
Board Editor-in-Chief Professor L. Q. Wang The University of Hong Kong, Hong Kong;
lqwang@hku. hk Editors Professor A. R. Balakrishnan Indian Institute of Technology
Madras, India Professor A.

This textbook presents the classical treatment of the problems of heat transfer in
an exhaustive manner with due emphasis on understanding of the physics of the
problems. This emphasis will be especially visible in the chapters on convective
heat transfer. Emphasis is also laid on the solution of steady and unsteady twodimensional heat conduction problems. Another special feature of the book is a
chapter on introduction to design of heat exchangers and their illustrative design
problems. A simple and understandable treatment of gaseous radiation has been
presented. A special chapter on flat plate solar air heater has been incorporated
that covers mathematical modeling of the air heater. The chapter on mass
transfer has been written looking specifically at the needs of the students of
mechanical engineering. The book includes a large number and variety of solved
problems with supporting line diagrams. A number of application-based examples
have been incorporated where applicable. The end-of-chapter exercise problems
are supplemented with stepwise answers. Though the book has been primarily
designed to serve as a complete textbook for undergraduate and graduate
students of mechanical engineering, it will also be useful for students of chemical,
aerospace, automobile, production, and industrial engineering streams. The book
fully covers the topics of heat transfer coursework and can also be used as an
excellent reference for students preparing for competitive graduate examinations.
Interest in studying the phenomena of convective heat and mass transfer
between an ambient fluid and a body which is immersed in it stems both from
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fundamental considerations, such as the development of better insights into the
nature of the underlying physical processes which take place, and from practical
considerations, such as the fact that these idealised configurations serve as a
launching pad for modelling the analogous transfer processes in more realistic
physical systems. Such idealised geometries also provide a test ground for
checking the validity of theoretical analyses. Consequently, an immense research
effort has been expended in exploring and understanding the convective heat
and mass transfer processes between a fluid and submerged objects of various
shapes. Among several geometries which have received considerable attention
are plates, circular and elliptical cylinders, and spheres, although much
information is also available for some other bodies, such as corrugated surfaces
or bodies of relatively complicated shapes. The book is a unified progress report
which captures the spirit of the work in progress in boundary-layer heat transfer
research and also identifies potential difficulties and areas for further study. In
addition, this work provides new material on convective heat and mass transfer,
as well as a fresh look at basic methods in heat transfer. Extensive references
are included in order to stimulate further studies of the problems considered. A
state-of-the-art picture of boundary-layer heat transfer today is presented by
listing and commenting also upon the most recent successful efforts and
identifying the needs for further research.
The aim of the two-set series is to present a very detailed and up-to-date
reference for researchers and practicing engineers in the fields of mechanical,
refrigeration, chemical, nuclear and electronics engineering on the important
topic of two-phase heat transfer and two-phase flow. The scope of the first set of
4 volumes presents the fundamentals of the two-phase flows and heat transfer
mechanisms, and describes in detail the most important prediction methods,
while the scope of the second set of 4 volumes presents numerous special topics
and numerous applications, also including numerical simulation
methods.Practicing engineers will find extensive coverage to applications
involving: multi-microchannel evaporator cold plates for electronics cooling,
boiling on enhanced tubes and tube bundles, flow pattern based methods for
predicting boiling and condensation inside horizontal tubes, pressure drop
methods for singularies (U-bends and contractions), boiling in multiport tubes,
and boiling and condensation in plate heat exchangers. All of these chapters
include the latest methods for predicting not only local heat transfer coefficients
but also pressure drops.Professors and students will find this 'Encyclopediaa of
Two-Phase Heat Transfer and Flow' particularly exciting, as it contains authored
books and thorough state-of-the-art reviews on many basic and special topics,
such as numerical modeling of two-phase heat tranfser and adiabatic bubbly and
slug flows, the unified annular flow boiling model, flow pattern maps,
condensation and boiling theories, new emerging topics, etc.
* Third edition of a well-known and well established text both in industry and for
teaching * Fully up-to-date and includes extra problems This book is an aid to
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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 two-phase flow pressure drops and heat transfer rates. It is a wellknown 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. Advances in Heat Transfer fills the information gap between regularly scheduled
journals and university-level textbooks by providing in-depth review articles over
a broader scope than in journals or texts. The articles, which serve as a broad
review for experts in the field, will also be of great interest to non-specialists who
need to keep up-to-date with the results of the latest research. This serial is
essential reading for all mechanical, chemical and industrial engineers working in
the field of heat transfer, graduate schools or industry. Provides an overview of
review articles on topics of current interest Bridges the gap between academic
researchers and practitioners in industry A long-running and prestigious series
The objective of the textbook is to present basic concepts and fundamentals of
computational methods as applied to heat transfer and mass transfer problems at
an introductory level for undergraduates.
Developing clean energy and utilizing waste energy has become increasingly
vital. Research targeting the advancement of thermally powered adsorption
cooling technologies has progressed in the past few decades, and the awareness
of fuel cells and thermally activated (heat pipe heat exchangers) adsorption
systems using natural refrigerants and/or alternatives to hydrofluorocarbon-based
refrigerants is becoming ever more important. Heat Pipes and Solid Sorption
Transformations: Fundamentals and Practical Applications concentrates on stateof-the-art adsorption research and technologies for relevant applications based
on the use of efficient heat transfer devices—heat pipe and two-phase
thermosyphons—with the objectives of energy efficiency and sustainability. This
book also discusses heat pipe thermal control as it relates to spacecraft
applications. The first few chapters of Heat Pipes and Solid Sorption
Transformations: Fundamentals and Practical Applications focus on heating and
cooling, the principles of adsorption, adsorption dynamics, and the availability of
three-phase boundaries. Other chapters cover successful heat pipe applications
and heat-pipe-based thermal control of fuel cells, solid sorption transformers, and
electronic components and air-condition devices. The final chapters summarize
the achievements in the field of heat and mass transfer study in heat pipes with
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variable properties such as gas loaded heat pipes. Several configurations of
thermosyphons are showcased, with suggested applications. A number of
examples of equipment using the thermosyphon technology are presented and,
in the final chapter, the concept of flow boiling and flow condensation heat
transfer in micochannels is analyzed in detail.
Drying of pharmaceutical products, drying of biotechnologicl products, drying of
peat and biofuels, druing of fibrous materials, drying ofpulp and paper, of wood
and wood products, drying in mineral proces sing, modeling, measurements, and
efficeiencies of infrared eryers for paper drying, drying of coal, drying of coated
webs, drying of polymersupeheated stema drying, dryer feeder systems, dryer
emision control systems, cost estimation methods for dryers, energy aspects in
drying safeth aspects of industrial dryers, humidity measurements, control of
industrial dryers.
Written by international experts from industry, research centers, and academia,
Mathematical Modeling of Food Processing discusses the physical and
mathematical analysis of transport phenomena associated with food processing.
The models presented describe many of the important physical and biological
transformations that occur in food during proces
Heat and Mass TransferSI UnitsHeat and Mass Transfer (SI Units)Basic Of Heat
& Mass Transfer(Up)Advanced Heat and Mass TransferGlobal Digital PressHeat
& Mass TransferConvective Heat and Mass Transfer in Porous MediaSpringer
Science & Business Media
This book provides a solid foundation in the principles of heat and mass transfer
and shows how to solve problems by applying modern methods. The basic
theory is developed systematically, exploring in detail the solution methods to all
important problems. The revised second edition incorporates state-of-the-art
findings on heat and mass transfer correlations. The book will be useful not only
to upper- and graduate-level students, but also to practicing scientists and
engineers. Many worked-out examples and numerous exercises with their
solutions will facilitate learning and understanding, and an appendix includes
data on key properties of important substances.
This Brief deals with electrode design and placement, enhancement of both liquid
and gas flow, vapor space condensation, in-tube condensation, falling film
evaporation, correlations. It further provides a fundamental understanding of
boiling and condensation, pool boiling, critical heat flux, convective vaporization,
additives for single-phase liquids like solid particles, gas bubbles, suspensions in
dilute polymer and surfactant solutions, solid additives and liquid additives for
gases, additives for boiling, condensation and absorption, mass transfer
resistance in gas phase (condensation with noncondensible gases, evaporation
into air, dehumidifying finned tube heat exchangers, water film enhancement of
finned tube exchanger), controlling resistance in liquid phase, and significant
resistance in both phases. The volume is ideal for professionals and researchers
dealing with thermal management in devices.
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This book, "Heat and Mass Transfer in Porous Media", presents a set of new
developments in the field of basic and applied research work on the physical and
chemical aspects of heat and mass transfer phenomena in a porous medium
domain, as well as related material properties and their measurements. The book
contents include both theoretical and experimental developments, providing a
self-contained major reference that is appealing to both the scientists and the
engineers. At the same time, these topics will encounter of a variety of scientific
and engineering disciplines, such as chemical, civil, agricultural, mechanical
engineering, etc. The book is divided in several chapters that intend to be a short
monograph in which the authors summarize the current state of knowledge for
benefit of professionals.
The monograph presents a detailed mathematical examination of the generalised
laws of diffusion in capillary porous solids as applicable to particular geometric
situations of interest in the technology of drying. The novelty of the monograph is
to present the result in dimensionless form under general type of boundary
conditions. Many important results are presented graphically. The integral
transform technique is used throughout the work and a host of useful information
of the technique is included in the appendix. Research scientists and practising
engineers in the areas of applied mathematics, materials and energy will find it a
very useful monograph.
This monograph presents a systematic analysis of bubble system mathematics,
using the mechanics of two-phase systems in non-equilibrium as the scope of
analysis. The author introduces the thermodynamic foundations of bubble
systems, ranging from the fundamental starting points to current research
challenges. This book addresses a range of topics, including description methods
of multi-phase systems, boundary and initial conditions as well as coupling
requirements at the phase boundary. Moreover, it presents a detailed study of
the basic problems of bubble dynamics in a liquid mass: growth (dynamically and
thermally controlled), collapse, bubble pulsations, bubble rise and breakup.
Special emphasis is placed on bubble dynamics in turbulent flows. The analysis
results are used to write integral equations governing the rate of vapor generation
(condensation) in non-equilibrium flows, thus creating a basis for solving a
number of practical problems. This book is the first to present a comprehensive
theory of boiling shock with applications to problems of critical discharge and
flashing under the fast decompression conditions. Reynolds’ analogy was the
key to solving a number of problems in subcooled forced-flow boiling, the
theoretical results of which led to easy-to-use design formulas. This book is
primarily aimed at graduate and post-graduate students specializing in
hydrodynamics or heat and mass transfer, as well as research expert focused on
two-phase flow. It will also serve as a comprehensive reference book for
designers working in the field of power and aerospace technology.
This work takes a multidisciplinary approach to grain storage research, applying
knowledge from the fields of biology, cereal chemistry, economics, engineering,
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mathematical modelling and toxicology to the study of the complex interactions
among physical and biological variables in stored-grain bulks that cause the
deterioration of stored grain. Details the prevention and control of pests and
contaminants.
Presents a comprehensive, accessible and readily usable reference to the
necessary formulations, numerical schemes, and innovative solution techniques
for solving problems of heat and mass transfer and related fluid flows. Grouped
by major sets of methods and functions, the text describes new or improved, as
well as standard, procedures. This collection of contributions from leading figures
in the field covers parabolic systems, hyperbolic systems, integral and integrodifferential systems, Monte Carlo and perturbation methods, inverse problems
and more.
Advances in Heat Transfer
Heat exchangers with minichannel and microchannel flow passages are becoming
increasingly popular due to their ability to remove large heat fluxes under single-phase
and two-phase applications. Heat Transfer and Fluid Flow in Minichannels and
Microchannels methodically covers gas, liquid, and electrokinetic flows, as well as flow
boiling and condensation, in minichannel and microchannel applications. Examining
biomedical applications as well, the book is an ideal reference for anyone involved in
the design processes of microchannel flow passages in a heat exchanger. Each
chapter is accompanied by a real-life case study New edition of the first book that solely
deals with heat and fluid flow in minichannels and microchannels Presents findings that
are directly useful to designers; researchers can use the information in developing new
models or identifying research needs
The rapid growth of literature on convective heat and mass transfer through porous
media has brought both engineering and fundamental knowledge to a new state of
completeness and depth. Additionally, several new questions of fundamental merit
have arisen in several areas which bear direct relation to further advancement of basic
knowledge and applications in this field. For example, the growth of fundamental heat
transfer data and correlations for engineering use for saturated media has now reached
the point where the relations for heat transfer coefficients and flow parameters are
known well enough for design purposes. Multiple flow field regimes in natural
convection have been identified in several important enclosure geometries. New
questions have arisen on the nature of equations being used in theoretical studies, i. e.
, the Validity of Darcy assumption is being brought into question; Wall effects in high
and low velocity flow fields have been found to play a role in predicting transport
coefficients; The formulation of transport problems in fractured media are being
investigated as both an extension of those in a homogeneous medium and for
application in engineering systems in geologic media and problems on saturated media
are being addressed to determine their proper formulation and solution. The long
standing problem of how to adequately formulate and solve problems of multi-phase
heat and mass transfer in heterogeneous media is important in the technologies of
chemical reactor engineering and enhanced oil recovery.
Chapters contributed by thirty world-renown experts. * Covers all aspects of heat
transfer, including micro-scale and heat transfer in electronic equipment. * An
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associated Web site offers computer formulations on thermophysical properties that
provide the most up-to-date values.
Finite Difference Methods in Heat Transfer presents a clear, step-by-step delineation of
finite difference methods for solving engineering problems governed by ordinary and
partial differential equations, with emphasis on heat transfer applications. The finite
difference techniques presented apply to the numerical solution of problems governed
by similar differential equations encountered in many other fields. Fundamental
concepts are introduced in an easy-to-follow manner. Representative examples
illustrate the application of a variety of powerful and widely used finite difference
techniques. The physical situations considered include the steady state and transient
heat conduction, phase-change involving melting and solidification, steady and
transient forced convection inside ducts, free convection over a flat plate, hyperbolic
heat conduction, nonlinear diffusion, numerical grid generation techniques, and hybrid
numerical-analytic solutions.
This updated edition of a widely admired text provides a user-friendly introduction to the
field that requires only routine mathematics. The book starts with the elements of fluid
mechanics and heat transfer, and covers a wide range of applications from fibrous
insulation and catalytic reactors to geological strata, nuclear waste disposal,
geothermal reservoirs, and the storage of heat-generating materials. As the standard
reference in the field, this book will be essential to researchers and practicing
engineers, while remaining an accessible introduction for graduate students and others
entering the field. The new edition features 2700 new references covering a number of
rapidly expanding fields, including the heat transfer properties of nanofluids and
applications involving local thermal non-equilibrium and microfluidic effects.
Finite Difference Methods in Heat Transfer, Second Edition focuses on finite difference
methods and their application to the solution of heat transfer problems. Such methods
are based on the discretization of governing equations, initial and boundary conditions,
which then replace a continuous partial differential problem by a system of algebraic
equations. Finite difference methods are a versatile tool for scientists and for engineers.
This updated book serves university students taking graduate-level coursework in heat
transfer, as well as being an important reference for researchers and engineering.
Features Provides a self-contained approach in finite difference methods for students
and professionals Covers the use of finite difference methods in convective, conductive,
and radiative heat transfer Presents numerical solution techniques to elliptic, parabolic,
and hyperbolic problems Includes hybrid analytical–numerical approaches
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