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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 heatgenerating 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.
"Powerful and disturbing. No one who cares about the
future of our public life can afford to ignore this book."
—Jackson Lears A powerful sequel to Benjamin R.
Barber's best-selling Jihad vs. McWorld, Consumed
offers a vivid portrait of an overproducing global
economy that targets children as consumers in a market
where there are never enough shoppers and where the
primary goal is no longer to manufacture goods but
needs. To explain how and why this has come about,
Barber brings together extensive empirical research with
an original theoretical framework for understanding our
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contemporary predicament. He asserts that in place of
the Protestant ethic once associated with
capitalism—encouraging self-restraint, preparing for the
future, protecting and self-sacrificing for children and
community, and other characteristics of adulthood—we
are constantly being seduced into an "infantilist" ethic of
consumption.
Constructal Theory of Social Dynamics brings together
for the first time social scientists and engineers who
present predictive theory of social organization, as a
conglomerate of mating flows that morph in time to flow
more easily. The book offers a new way to look at social
phenomena as part of natural phenomena, and
examines a new domain of application of engineering
such as thermodynamic optimization, thermoeconomics
and "design as science".
Reveals how recurring patterns in nature are accounted
for by a single governing principle of physics, explaining
how all designs in the world from biological life to
inanimate systems evolve in a sequence of everimproving designs that facilitate flow.
Seemingly universal geometric forms unite the flow
systems of engineering and nature. For example, treeshaped flows can be seen in computers, lungs, dendritic
crystals, urban street patterns, and communication links.
In this groundbreaking book, Adrian Bejan considers the
design and optimization of engineered systems and
discovers a deterministic principle of the generation of
geometric form in natural systems. Shape and structure
spring from the struggle for better performance in both
engineering and nature. This idea is the basis of the new
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constructal theory: the objective and constraints principle
used in engineering is the same mechanism from which
the geometry in natural flow systems emerges. From
heat exchangers to river channels, the book draws many
parallels between the engineered and the natural world.
Among the topics covered are mechanical structure,
thermal structure, heat trees, ducts and rivers, turbulent
structure, and structure in transportation and economics.
The numerous illustrations, examples, and homework
problems in every chapter make this an ideal text for
engineering design courses. Its provocative ideas will
also appeal to a broad range of readers in engineering,
natural sciences, economics, and business.
Covers experiment planning, execution, analysis, and
reporting This single-source resource guides readers in
planning and conducting credible experiments for
engineering, science, industrial processes, agriculture,
and business. The text takes experimenters all the way
through conducting a high-impact experiment, from initial
conception, through execution of the experiment, to a
defensible final report. It prepares the reader to
anticipate the choices faced during each stage. Filled
with real-world examples from engineering science and
industry, Planning and Executing Credible Experiments:
A Guidebook for Engineering, Science, Industrial
Processes, Agriculture, and Business offers chapters
that challenge experimenters at each stage of planning
and execution and emphasizes uncertainty analysis as a
design tool in addition to its role for reporting results.
Tested over decades at Stanford University and
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source software tools: GOSSET to optimize experiment
design, and R for statistical computing and graphics. A
website accompanies the text, providing additional
resources and software downloads. A comprehensive
guide to experiment planning, execution, and analysis
Leads from initial conception, through the experiment’s
launch, to final report Prepares the reader to anticipate
the choices faced throughout an experiment Hones the
motivating question Employs principles and techniques
from Design of Experiments (DoE) Selects experiment
designs to obtain the most information from fewer
experimental runs Offers chapters that propose
questions that an experimenter will need to ask and
answer during each stage of planning and execution
Demonstrates how uncertainty analysis guides and
strengthens each stage Includes examples from real-life
industrial experiments Accompanied by a website
hosting open-source software Planning and Executing
Credible Experiments is an excellent resource for
graduates and senior undergraduates—as well as
professionals—across a wide variety of engineering
disciplines.
Thermal energy is present in all aspects of our lives,
including when cooking, driving, or turning on the heat or
air conditioning. Sometimes this thermal management is
not evident, but it is essential for our comfort and
lifestyle. In addition, heat transfer is vital in many
industrial processes. Thermal energy analysis is a
complex task that usually requires different approaches.
With five sections, this book provides information on heat
transfer problems and using experimental techniques
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and computational models to analyse them.
The emergence and refinement of techniques in
molecular biology has changed our perceptions of
medicine, agriculture and environmental management.
Scientific breakthroughs in gene expression, protein
engineering and cell fusion are being translated by a
strengthening biotechnology industry into revolutionary
new products and services. Many a student has been
enticed by the promise of biotechnology and the
excitement of being near the cutting edge of scientific
advancement. However, graduates trained in molecular
biology and cell manipulation soon realise that these
techniques are only part of the picture. Reaping the full
benefits of biotechnology requires manufacturing
capability involving the large-scale processing of
biological material. Increasingly, biotechnologists are
being employed by companies to work in co-operation
with chemical engineers to achieve pragmatic
commercial goals. For many years aspects of
biochemistry and molecular genetics have been included
in chemical engineering curricula, yet there has been
little attempt until recently to teach aspects of
engineering applicable to process design to
biotechnologists. This textbook is the first to present the
principles of bioprocess engineering in a way that is
accessible to biological scientists. Other texts on
bioprocess engineering currently available assume that
the reader already has engineering training. On the other
hand, chemical engineering textbooks do not consider
examples from bioprocessing, and are written almost
exclusively with the petroleum and chemical industries in
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mind. This publication explains process analysis from an
engineering point of view, but refers exclusively to the
treatment of biological systems. Over 170 problems and
worked examples encompass a wide range of
applications, including recombinant cells, plant and
animal cell cultures, immobilised catalysts as well as
traditional fermentation systems. * * First book to present
the principles of bioprocess engineering in a way that is
accessible to biological scientists * Explains process
analysis from an engineering point of view, but uses
worked examples relating to biological systems *
Comprehensive, single-authored * 170 problems and
worked examples encompass a wide range of
applications, involving recombinant plant and animal cell
cultures, immobilized catalysts, and traditional
fermentation systems * 13 chapters, organized according
to engineering sub-disciplines, are groupled in four
sections - Introduction, Material and Energy Balances,
Physical Processes, and Reactions and Reactors * Each
chapter includes a set of problems and exercises for the
student, key references, and a list of suggestions for
further reading * Includes useful appendices, detailing
conversion factors, physical and chemical property data,
steam tables, mathematical rules, and a list of symbols
used * Suitable for course adoption - follows closely
curricula used on most bioprocessing and process
biotechnology courses at senior undergraduate and
graduate levels.

Suitable for undergraduates, postgraduates and
professionals, this is a comprehensive text on
physical and chemical equilibrium. De Nevers is also
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the author of Fluid Mechanics for Chemical
Engineers.
Over time, overemphasis and adherence to the
same proven routines that helped your organization
achieve success can also lead to its decline resulting
from organizational inertia, complacency, and
inflexibility. Drawing lessons from one of the best
models of success, the evolutionary model, Inverting
the Paradox of Excellence explains why your
organization must proactively seek out changes or
variations on a continuous basis for ensuring
excellence by testing out a continuum of
opportunities and advantages. In other words, to
maintain excellence, the company must be in a
constant state of flux! The book introduces the
patterns and anti-patterns of excellence and includes
detailed case studies based on different dimensions
of variations, including shared values variations,
structure variations, and staff variations. It presents
these case studies through the prism of the
"variations" idea to help you visualize the difference
of the "case history" approach presented here. The
case studies illustrate the different dimensions of
business variations available to help your
organization in its quest towards achieving and
sustaining excellence. The book extends a set of
variations inspired by the pioneering McKinsey 7S
model, namely shared values, strategy, structure,
stuff, style, staff, skills, systems, and sequence. It
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includes case history segments for Toyota, Acer,
eBay, ABB, Cisco, Blackberry, Tata, Samsung,
Volvo, Charles Schwab, McDonald's, Scania,
Starbucks, Google, Disney, and NUMMI. It also
includes detailed case histories of GE, IBM, and
UPS.
A comprehensive assessment of the methodologies
of thermodynamic optimization, exergy analysis and
thermoeconomics, and their application to the design
of efficient and environmentally sound energy
systems. The chapters are organized in a sequence
that begins with pure thermodynamics and
progresses towards the blending of thermodynamics
with other disciplines, such as heat transfer and cost
accounting. Three methods of analysis stand out:
entropy generation minimization, exergy (or
availability) analysis, and thermoeconomics. The
book reviews current directions in a field that is both
extremely important and intellectually alive.
Additionally, new directions for research on
thermodynamics and optimization are revealed.
Chapters contributed by thirty world-renown experts.
* Covers all aspects of heat transfer, including microscale and heat transfer in electronic equipment. * An
associated Web site offers computer formulations on
thermophysical properties that provide the most upto-date values.
This book describes the state of the art at the
interface between energy and environmental
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research. The contributing authors are some of the
world leaders in research and education on energy
and environmental topics. The coverage is worth
noting for its breadth and depth. Written by leaders
in research and education, this book is an excellent
text or supplement for undergraduate and graduate
courses on energy engineering and environmental
science.
Thermodynamique de l'évolution - Un essai de
thermo-bio-sociologie - translated into English with
the help of Steve Ridgway À PROPOS DE
L'AUTEUR François Roddier est né en 1936.
Astrophysicien, il est connu de tous les astronomes
pour ses travaux qui ont permis de compenser
l’effet des turbulences atmosphériques lors de
l’observation des astres. Après avoir créé le
département d’astrophysique de l’université de
Nice, c’est aux États-Unis, au National Optical
Astronomy Observatory (Tucson, Arizona) puis à
l’Institute for Astrophysics de l’Université d’Hawaii,
qu’il participe au développement des systèmes
d’optique adaptative qui équipent désormais les
grands outils d’observation comme le télescope
CFHT (Canada-France-Hawaii), ou le télescope
japonais Subaru tous deux situés à Hawaii, et les
télescopes de l’ESO (European Southern
Observatory), l’observatoire européen austral situé
au Chili. Savant toujours curieux, il s’intéresse aux
aspects thermodynamiques de l’évolution.
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Calls for decisive action to save Earth's endangered
biological heritage, profiling threatened animals and
plants and offering a program based on economic,
ethical, and religious ideals for preserving our
biosphere.
Jerry Fodor and Massimo Piatelli-Palmarini, a
distinguished philosopher and scientist working in
tandem, reveal major flaws at the heart of Darwinian
evolutionary theory. They do not deny Darwin's
status as an outstanding scientist but question the
inferences he drew from his observations.
Combining the results of cutting-edge work in
experimental biology with crystal-clear philosophical
argument they mount a devastating critique of the
central tenets of Darwin's account of the origin of
species. The logic underlying natural selection is the
survival of the fittest under changing environmental
pressure. This logic, they argue, is mistaken. They
back up the claim with evidence of what actually
happens in nature. This is a rare achievement - the
short book that is likely to make a great deal of
difference to a very large subject. What Darwin Got
Wrong will be controversial. The authors' arguments
will reverberate through the scientific world. At the
very least they will transform the debate about
evolution.
An advanced, practical approach to the first and second
laws of thermodynamics Advanced Engineering
Thermodynamics bridges the gap between engineering
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applications and the first and second laws of
thermodynamics. Going beyond the basic coverage
offered by most textbooks, this authoritative treatment
delves into the advanced topics of energy and work as
they relate to various engineering fields. This practical
approach describes real-world applications of
thermodynamics concepts, including solar energy,
refrigeration, air conditioning, thermofluid design,
chemical design, constructal design, and more. This new
fourth edition has been updated and expanded to include
current developments in energy storage, distributed
energy systems, entropy minimization, and industrial
applications, linking new technologies in sustainability to
fundamental thermodynamics concepts. Worked
problems have been added to help students follow the
thought processes behind various applications, and
additional homework problems give them the opportunity
to gauge their knowledge. The growing demand for
sustainability and energy efficiency has shined a
spotlight on the real-world applications of
thermodynamics. This book helps future engineers make
the fundamental connections, and develop a clear
understanding of this complex subject. Delve deeper into
the engineering applications of thermodynamics Work
problems directly applicable to engineering fields
Integrate thermodynamics concepts into sustainability
design and policy Understand the thermodynamics of
emerging energy technologies Condensed introductory
chapters allow students to quickly review the
fundamentals before diving right into practical
applications. Designed expressly for engineering
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students, this book offers a clear, targeted treatment of
thermodynamics topics with detailed discussion and
authoritative guidance toward even the most complex
concepts. Advanced Engineering Thermodynamics is the
definitive modern treatment of energy and work for
today's newest engineers.
The Physics of Life explores the roots of the big question
by examining the deepest urges and properties of living
things, both animate and inanimate: how to live longer,
with food, warmth, power, movement and free access to
other people and surroundings. Bejan explores
controversial and relevant issues such as sustainability,
water and food supply, fuel, and economy, to critique the
state in which the world understands positions of power
and freedom. Breaking down concepts such as desire
and power, sports health and culture, the state of
economy, water and energy, politics and distribution,
Bejan uses the language of physics to explain how each
system works in order to clarify the meaning of evolution
in its broadest scientific sense, moving the reader
towards a better understanding of the world's systems
and the natural evolution of cultural and political
development. The Physics of Life argues that the
evolution phenomenon is much broader and older than
the evolutionary designs that constitute the biosphere,
empowering readers with a new view of the globe and
the future, revealing that the urge to have better ideas
has the same physical effect as the urge to have better
laws and better government. This is evolution explained
loudly but also elegantly, forging a path that flows
sustainability.
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Who gets the business, and how it is gotten impacts our
culture and everything that happens to us. We live in a
unique age of disinformation, where everything we
require to keep us out of jams is masked in secrecy.
Now, is the only time to change direction by taking
control of how we actively think about getting the
business! This book will provide both businesses and
consumers with an understanding that there is a better
way to do business. Only through the power of the
customer can we: . Stop companies from causing great
harm . Prevent a flu pandemic . Avoid the manipulation
of our reasoning . Transform how companies think .
Redesign the business structure . Grow profitable sales .
Keep corporations healthy . Program "What Is" to "What
Is Possible" . Change America's business plan .
Influence the global economy . Get the business we want
Theory in the "Post" Era brings together the work and
perspectives of a group of Romanian theorists who
discuss the morphings of contemporary theory in what
the editors call the “post” era. Since the Cold War's end
and especially in the third millennium, theorists have
been exploring the aftermath - and sometimes just the
“after” - of whole paradigms, the crisis or “passing” of
anthropocentrism, the twilight of an entire ontological and
cultural “condition,” as well as the corresponding rise of
an antagonist model, of an “anti,” “meta,” or “neo”
alternative, with examples ranging from “posthumanism”
and “post-postmodernism” to “post-aesthetics,”
“postanalog” interpretation or “digicriticism,” “postpresentism,” “post-memory,” “post-“ or “neo-critique,”
and so forth. It is no coincidence, the contributors to this
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volume argue, that this “post” moment is also a time
when theory is practiced as a world genre. If theory has
always been a “worlded” enterprise, a quintessentially
communal, cross-cultural and international project, this is
truer at present than ever. Perhaps more than other
humanist constituencies, today's theorists work and
belong in a theory commons that is transnational if still
uneven economically, politically, and otherwise. Theory
in the "Post" Era reports the results of Romanian theory
experiments that join efforts made in other places to
foster a theory for the “post” age.
The book contains research results obtained by applying
Bejan's Constructal Theory to the study and therefore
the optimization of fins, focusing on T-shaped and Yshaped ones. Heat transfer from finned surfaces is an
example of combined heat transfer natural or forced
convection on the external parts of the fin, and
conducting along the fin. Fin's heat exchange is rather
complex, because of variation of both temperature along
the fin and convective heat transfer coefficient.
Furthermore possible presence of more fins invested by
the same fluid flow has to be considered. Classical fin
theory tried to reduce the coupled heat transfer problem
to a one-dimensional problem by defining an average
temperature of the fin and writing equations using this
parameter. However, it was shown that this approach
cannot be used because of the effects of twodimensional heat transfer, especially in the presence of
short fins. CFD codes offer the possibility to consider bidimensional (and more generally, three-dimensional)
effects and then a more real approach to the physic
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phenomena of finned surface's heat exchange. A
commercial CFD code was used to analyse the case of
heat exchange in presence of T-shaped fins, following an
approach suggested by Bejan's Constructal Theory. The
comparative results showed a significant agreement with
previous research taken as a reference, and this result
allows for the application of this approach to a wider
range of systems. T-shaped optimized fin geometry is
the starting point for further research. Starting from the
optimal results (T-shape optimized fins), we show the
trend of the assessment parameter (the dimensionless
conductance) in function of the angle between the two
horizontal arms of the fin. A value for, 90
In this groundbreaking book, Adrian Bejan takes the
recurring patterns in nature—trees, tributaries, air
passages, neural networks, and lightning bolts—and
reveals how a single principle of physics, the Constructal
Law, accounts for the evolution of these and all other
designs in our world. Everything—from biological life to
inanimate systems—generates shape and structure and
evolves in a sequence of ever-improving designs in order
to facilitate flow. River basins, cardiovascular systems,
and bolts of lightning are very efficient flow systems to
move a current—of water, blood, or electricity. Likewise,
the more complex architecture of animals evolve to cover
greater distance per unit of useful energy, or increase
their flow across the land. Such designs also appear in
human organizations, like the hierarchical "flowcharts" or
reporting structures in corporations and political bodies.
All are governed by the same principle, known as the
Constructal Law, and configure and reconfigure
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themselves over time to flow more efficiently. Written in
an easy style that achieves clarity without sacrificing
complexity, Design in Nature is a paradigm-shifting book
that will fundamentally transform our understanding of
the world around us.
Emphasizing an interdisciplinary approach to thermal
engineering which attempts to accurately reflect practice
and problems in the field, this textbook integrates key
industrial applications into three traditional content areas:
conduction, convection and radiation.
The book begins with familiar designs found all around
and inside us (such as the ‘trees’ of river basins, human
lungs, blood and city traffic). It then shows how all flow
systems are driven by power from natural engines
everywhere, and how they are endlessly shaped
because of freedom. Finally, Professor Bejan explains
how people, like everything else that moves on earth, are
driven by power derived from our “engines” that
consume fuel and food, and that our movement
dissipates the power completely and changes constantly
for greater access, economies of scale, efficiency,
innovation and life. Written for wide audiences of all
ages, including readers interested in science, patterns in
nature, similarity and non-uniformity, history and the
future, and those just interested in having fun with ideas,
the book shows how many “design change” concepts
acquire a solid scientific footing and how they exist with
the evolution of nature, society, technology and science.
Natural Dog Training is about how dogs see the world
and what this means in regards to training. The first part
of this book presents a new theory for the social behavior
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of canines, featuring the drive to hunt, not the pack
instincts, as seminal to canine behavior. The second part
reinterprets how dogs actually learn. The third section
presents exercises and handling techniques to put this
theory into practice with a puppy. The final section sets
forth a training program with a special emphasis on
coming when called.
A new edition of the bestseller on convection
heattransfer A revised edition of the industry classic,
Convection HeatTransfer, Fourth Edition, chronicles how
the field of heattransfer has grown and prospered over
the last two decades. Thisnew edition is more
accessible, while not sacrificing its thoroughtreatment of
the most up-to-date information on current researchand
applications in the field. One of the foremost leaders in
the field, Adrian Bejan haspioneered and taught many of
the methods and practices commonlyused in the industry
today. He continues this book's long-standingrole as an
inspiring, optimal study tool by providing: Coverage of
how convection affects performance, and howconvective
flows can be configured so that performance isenhanced
How convective configurations have been evolving, from
the flatplates, smooth pipes, and single-dimension fins of
the earliereditions to new populations of configurations:
tapered ducts,plates with multiscale features, dendritic
fins, duct and plateassemblies (packages) for heat
transfer density and compactness,etc. New, updated,
and enhanced examples and problems that reflectthe
author's research and advances in the field since the
lastedition A solutions manual Complete with hundreds
of informative and originalillustrations, Convection Heat
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Transfer, Fourth Edition isthe most comprehensive and
approachable text for students inschools of mechanical
engineering.
In this monograph Prof. Pramanick explicates the law of
motive force, a fundamental law of nature that can be
observed and appreciated as an addition to the existing
laws of thermodynamics. This unmistakable and
remarkable tendency of nature is equally applicable to all
other branches of studies. He first conceptualized the
law of motive force in 1989, when he was an
undergraduate student. Here he reports various
applications of the law in the area of thermodynamics,
heat transfer, fluid mechanics and solid mechanics, and
shows how it is possible to solve analytically century-old
unsolved problems through its application. This book
offers a comprehensive account of the law and its
relation to other laws and principles, such as the
generalized conservation principle, variational
formulation, Fermat’s principle, Bejan’s constructal law,
entropy generation minimization, Bejan’s method of
intersecting asymptotes and equipartition principle.
Furthermore, the author addresses some interrelated
fundamental problems of contemporary interest,
especially to thermodynamicists, by combining analytical
methods, physical reasoning and the proposed law of
motive force. This foundational work is a valuable
reading for both students and researchers in exact as
well as non-exact sciences and, at the same time, a
pleasant learning experience for the novice.
Good,No Highlights,No Markup,all pages are intact,
Slight Shelfwear,may have the corners slightly dented,
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may have slight color changes/slightly damaged spine.
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
Page 19/25

Online Library Adrian Bejan Constructal Theory
Solutions
book aligns itself with anincreasing number of active
designers who believe that moreeffective, systemoriented 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
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text for both theclassroom and self-study, and for use in
industrial design,development, and research. A detailed
solutions manual is availablefrom the publisher.
"This extensive update of a well-known and respected
title is revised for greater accessibility and to include new
cutting-edge topics."--Publisher's description.
Globalization, security infrastructure and energy
sustainability can be designed based on a scientific
principle. In this book, these objectives are approached
based on constructal theory, which means to design
such projects as global flow architectures that are alive
with movement of personnel, equipment, information,
education, etc. Constructal Human Dynamics, Security
and Sustainability highlights the progress made during
the NATO Advanced Research Workshop held in Avora,
Portugal in May 2008.
Questions and answers explore various aspects of
astronomy, including the solar system, stars, planets,
moons, asteroids, and comets. Full-color illustrations.

Porous and Complex Flow Structures in Modern
Technologies represents a new approach to the
field, considering the fundamentals of porous media
in terms of the key roles played by these materials in
modern technology. Intended as a text for advanced
undergraduates and as a reference for practicing
engineers, the book uses the physics of flows in
porous materials to tie together a wide variety of
important issues from such fields as biomedical
engineering, energy conversion, civil engineering,
electronics, chemical engineering, and
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environmental engineering. Thus, for example, flows
of water and oil through porous ground play a central
role in energy exploration and recovery (oil wells,
geothermal fluids), energy conversion (effluents from
refineries and power plants), and environmental
engineering (leachates from waste repositories).
Similarly, the demands of miniaturization in
electronics and in biomedical applications are driving
research into the flow of heat and fluids through
small-scale porous media (heat exchangers, filters,
gas exchangers). Filters, catalytic converters, the
drying of stored grains, and a myriad of other
applications involve flows through porous media. By
providing a unified theoretical framework that
includes not only the traditional homogeneous and
isotropic media but also models in which the
assumptions of representative elemental volumes or
global thermal equilibrium fail, the book provides
practicing engineers the tools they need to analyze
complex situations that arise in practice. This volume
includes examples, solved problems and an
extensive glossary of symbols.
Design happens everywhere, whether in animate
objects (e.g., dendritic lung structures, bacterial
colonies, and corals), inanimate patterns (river
basins, beach slope, and dendritic crystals), social
dynamics (pedestrian traffic flows), or engineered
systems (heat dissipation in electronic circuitry). This
“design in nature” often takes on remarkably similar
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patterns, which can be explained under one unifying
Constructal Law. This book explores the unifying
power of the Constructal Law and its applications in
all domains of design generation and evolution,
ranging from biology and geophysics to
globalization, energy, sustainability, and security.
The Constructal Law accounts for the universal
tendency of flow systems to morph into evolving
configurations that provide greater and easier
access over time. The Constructal Law resolves the
many and contradictory ad hoc statements of
“optimality”, end design, and destiny in nature, such
as minimum and maximum entropy production and
minimum and maximum flow resistance, and also
explains the designs that are observed and copied in
biomimetics. Constructal Law and the Unifying
Principle of Design covers the fundamentals of
Constructal Theory and Design, as well as
presenting a variety of state-of-the-art applications.
Experts from the biological, physical and social
sciences demonstrate the unification of all design
phenomena in nature, and apply this knowledge to
novel designs in modern engineering, such as
vascularization for self-healing and self-cooling
materials for aircraft, and tree fins and cavities for
heat transfer enhancement.
Thermal Management for LED Applications provides
state-of-the-art information on recent developments
in thermal management as it relates to LEDs and
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LED-based systems and their applications.
Coverage begins with an overview of the basics of
thermal management including thermal design for
LEDs, thermal characterization and testing of LEDs,
and issues related to failure mechanisms and
reliability and performance in harsh environments.
Advances and recent developments in thermal
management round out the book with discussions on
advances in TIMs (thermal interface materials) for
LED applications, advances in forced convection
cooling of LEDs, and advances in heat sinks for LED
assemblies.
Globalization, security infrastructure and energy
sustainability can be designed based on a scientific
principle. In this book, these objectives are
approached based on constructal theory, which
means to design such projects as global ‘flow’
architectures that are ‘alive’ with movement of
personnel, equipment, information, education, etc.
Constructal Human Dynamics, Security and
Sustainability highlights the progress made during
the NATO Advanced Research Workshop held in
Évora, Portugal in May 2008. This workshop brought
together social scientists with physicists, engineers
and biologists. Together they addressed main topics
such as human dynamics viewed as natural
phenomena of design generation, flow networks for
distribution and collection, large-scale construction
projects (e.g., airports, waste storage), logistics,
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decontamination, energy supply routes, distributed
energy systems, water resources management,
environmental security sustainability and
globalization. The chapters selected for this book
represent the interdisciplinary approach and team
atmosphere that emerged in Évora.
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