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Modeling Self-Heating Effects in Nanoscale Devices
Thermoelectrics is the science and technology associated with thermoelectric
converters, that is, the generation of electrical power by the Seebeck effect and
refrigeration by the Peltier effect. Thermoelectric generators are being used in
increasing numbers to provide electrical power in medical, military, and deep
space applications where combinations of their desirable properties outweigh their
relatively high cost and low generating efficiency. In recent years there also has
been an increase in the requirement for thermoelectric coolers (Peltier devices) for
use in infrared detectors and in optical communications. Information on
thermoelectrics is not readily available as it is widely scattered throughout the
literature. The Handbook centralizes this information in a convenient format under
a single cover. Sixty of the world's foremost authorities on thermoelectrics have
contributed to this Handbook. It is comprised of fifty-five chapters, a number of
which contain previously unpublished material. The contents are arranged in eight
sections: general principles and theoretical considerations, material preparation,
measurement of thermoelectric properties, thermoelectric materials,
thermoelectric generation, generator applications, thermoelectric refrigeration,
and applications of thermoelectric cooling. The CRC Handbook of Thermoelectrics
has a broad-based scope. It will interest researchers, technologists, and
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Microscale and Nanoscale Heat Transfer
The use of nanomaterials in energy conversion and storage represents an
opportunity to improve the performance, density and ease of transportation in
renewable resources. This book looks at the most recent research on the topic,
with particular focus on artificial photosynthesis and lithium-ion batteries as the
most promising technologies to date. Research on the broad subject of energy
conversion and storage calls for expertise from a wide range of backgrounds, from
the most fundamental perspectives of the key catalytic processes at the molecular
level to device scale engineering and optimization. Although the nature of the
processes dictates that electrochemistry is a primary characterization tool, due
attention is given to advanced techniques such as synchrotron studies in
operando. These studies look at the gap between the performance of current
technology and what is needed for the future, for example how to improve on the
lithium-ion battery and to go beyond its capabilities. Suitable for students and
practitioners in the chemical, electrochemical, and environmental sciences,
Nanomaterials for Energy Conversion and Storage provides the information needed
to find scalable, economically viable and safe solutions for sustainable energy.
Contents: The Principle of Photoelectrochemical Water Splitting (Peiyan Ma and
Dunwei Wang)Semiconducting Photocatalysis for Solar Hydrogen Conversion
(Shaohua Shen and Jie Chen)Visible-Light-Driven Photocatalysis (Qingzhe Zhang,
Yanlong Liu, Zhenhe Xu, Yue Zhao, Mohamed Chaker and Dongling Ma)MetalNitride Nanostructures: Emerging Catalysts for Artificial Photosynthesis (Md Golam
Kibria, Bandar AlOtaibi and Zetian Mi)Surface Engineering of Semiconductors for
Photoelectrochemical Water Splitting (Gongming Wang, Yi Yang and Yat
Li)Photoanodic and Photocathodic Materials Applied for Free-Running Solar Water
Splitting Devices (Miao Zhong, Hiroyuki Kaneko, Taro Yamada and Kazunari
Domen)Electrocatalytic Processes in Energy Technologies (Yang Huang, Min Zeng,
Qiufang Gong and Yanguang Li)Soft X-Ray Spectroscopy on Photocatalysis (YiSheng Liu, Cheng-Hao Chuang and Jinghua Guo)Photoelectrochemical Tools for the
Assessment of Energy Conversion Devices (Isaac Herraiz-Cardona and Sixto
Gimenez)Fundamentals of Rechargable Batteries and Electrochemical Potentials of
Electrode Materials (Chaofeng Liu and Guozhong Cao)Revitalized Interest in
Vanadium Pentoxide as Cathode Material for Alkali-Ion Batteries (Yanwei Li, Jinhuan
Yao, Robert C Massé, Evan Uchaker and Guozhong Cao)Tin-Based Compounds as
Anode Materials for Lithium-Ion Storage (Ming Zhang and Guozhong Cao)Beyond LiIon: Electrode Materials for Sodium- and Magnesium-Ion Batteries (Robert Massé,
Evan Uchaker and Guozhong Cao)Nanomaterials and Nanostructures for
Regulating Ions and Electron Transport in Advanced Energy Storage Devices (Yu
Wang and Wei-Hong Zhong) Readership: Students, researchers and practitioners in
the chemical, electrochemical, and environmental sciences. Keywords:
Nanomaterials;Lithium-Ion Batteries;Electrochemistry;Energy Conversion;Energy
Storage;Artificial PhotosynthesisReview:0

Energy
This concise and unified text reviews recent contributions to the principles of
convective heat transfer for single and multi-phase systems. This valuable new
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Carbon Based Nanomaterials for Advanced Thermal and
Electrochemical Energy Storage and Conversion
The latest volume in the well-established AMN series, this ready reference provides
an up-to-date, self-contained summary of recent developments in the technologies
and systems for thermoelectricity. Following an initial chapter that introduces the
fundamentals and principles of thermoelectricity, subsequent chapters discuss the
synthesis and integration of various bulk thermoelectric as well as nanostructured
materials. The book then goes on to discuss characterization techniques, including
various light and mechanic microscopy techniques, while also summarizing
applications for thermoelectric materials, such as micro- and nano-thermoelectric
generators, wearable electronics and energy conversion devices. The result is a
bridge between industry and scientific researchers seeking to develop
thermoelectric generators.

Nanoscale Energy Transport and Conversion
This is a graduate level textbook in nanoscale heat transfer and energy conversion
that can also be used as a reference for researchers in the developing field of
nanoengineering. It provides a comprehensive overview of microscale heat
transfer, focusing on thermal energy storage and transport. Chen broadens the
readership by incorporating results from related disciplines, from the point of view
of thermal energy storage and transport, and presents related topics on the
transport of electrons, phonons, photons, and molecules. This book is part of the
MIT-Pappalardo Series in Mechanical Engineering.

Fundamentals of Materials for Energy and Environmental
Sustainability
Understanding the sustainable use of energy in various processes is an integral
part of engineering and scientific studies, which rely on a sound knowledge of
energy systems. Whilst many institutions now offer degrees in energy-related
programs, a comprehensive textbook, which introduces and explains sustainable
energy systems and can be used across engineering and scientific fields, has been
lacking. Energy: Production, Conversion, Storage, Conservation, and Coupling
provides the reader with a practical understanding of these five main topic areas of
energy including 130 examples and over 600 practice problems. Each chapter
contains a range of supporting figures, tables, thermodynamic diagrams and
charts, while the Appendix supplies the reader with all the necessary data
including the steam tables. This new textbook presents a clear introduction of
basic vocabulary, properties, forms, sources, and balances of energy before
advancing to the main topic areas of: • Energy production and conversion in
important physical, chemical, and biological processes, • Conservation of energy
and its impact on sustainability, • Various forms of energy storage, and • Energy
coupling and bioenergetics in living systems. A solution manual for the practice
problems of the textbook is offered for the instructor. Energy: Production,
Conversion, Storage, Conservation, and Coupling is a comprehensive source, study
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for both undergraduates and graduates across a
range of engineering and scientific disciplines. Resources including the solution
manual for this textbook are available for instructors on sending a request to Dr.
Yaoar Demirel at ydemirel@unl.edu

Ultrananocrystalline Diamond
How will we meet rising energy demands? What are our options? Are there viable
long-term solutions for the future? Learn the fundamental physical, chemical and
materials science at the heart of: • Renewable/non-renewable energy sources •
Future transportation systems • Energy efficiency • Energy storage Whether you
are a student taking an energy course or a newcomer to the field, this textbook will
help you understand critical relationships between the environment, energy and
sustainability. Leading experts provide comprehensive coverage of each topic,
bringing together diverse subject matter by integrating theory with engaging
insights. Each chapter includes helpful features to aid understanding, including a
historical overview to provide context, suggested further reading and questions for
discussion. Every subject is beautifully illustrated and brought to life with full color
images and color-coded sections for easy browsing, making this a complete
educational package. Fundamentals of Materials for Energy and Environmental
Sustainability will enable today's scientists and educate future generations.

Nanostructured and Photoelectrochemical Systems for Solar
Photon Conversion
This book focuses on the use of nanotechnology in several fields of engineering.
Among others, the reader will find valuable information as to how nanotechnology
can aid in extending the life of component materials exposed to corrosive
atmospheres, in thermal fluid energy conversion processes, anti-reflection coatings
on photovoltaic cells to yield enhanced output from solar cells, in connection with
friction and wear reduction in automobiles, and buoyancy suppression in free
convective heat transfer. Moreover, this unique resource presents the latest
research on nanoscale transport phenomena and concludes with a look at likely
future trends.

Microfluidics and Nanofluidics Handbook
The disproportionate use of fossil fuels has turned into a serious environmental
issue. Thus, we are encountering one of the biggest challenges of the twenty-first
century, satisfying the energy demand with respect to the environment.
Thermoelectricity is an emerging technology, which contributes to reducing the
impact of the use of traditional technologies, harvesting the waste heat, and
eliminating the use of refrigerants. The book Bringing Thermoelectricity into Reality
covers the current thermoelectric investigations: the study of novel thermoelectric
materials, the development of computational models, the design of proper
assemblies, and the optimization of thermal designs, as well as novel
thermoelectric generators, coolers, and heating applications. This book looks for
the definitive thermoelectric applications applied to everyday life.
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Liquid Cell Electron Microscopy
It is generally acknowledged that modeling and simulation are preferred
alternatives to trial and error approaches to semiconductor fabrication in the
present environment, where the cost of process runs and associated mask sets is
increasing exponentially with successive technology nodes. Hence, accurate
physical device simulation tools are essential to accurately predict device and
circuit performance. Accurate thermal modelling and the design of microelectronic
devices and thin film structures at the micro- and nanoscales poses a challenge to
electrical engineers who are less familiar with the basic concepts and ideas in subcontinuum heat transport. This book aims to bridge that gap. Efficient heat
removal methods are necessary to increase device performance and device
reliability. The authors provide readers with a combination of nanoscale
experimental techniques and accurate modelling methods that must be employed
in order to determine a device's temperature profile.

Nanoscale Energy Transport
Focusing on the conversion of biomass into gas or liquid fuels the book covers
physical pre-treatment technologies, thermal, chemical and biochemical
conversion technologies • Details the latest biomass characterization techniques •
Explains the biochemical and thermochemical conversion processes • Discusses
the development of integrated biorefineries, which are similar to petroleum
refineries in concept, covering such topics as reactor configurations and
downstream processing • Describes how to mitigate the environmental risks when
using biomass as fuel • Includes many problems, small projects, sample
calculations and industrial application examples

Thermal Transport in Low Dimensions
This book discusses recent trends and developments in the microbial conversion
process, which serves as an important route for biofuel production, with particular
attention to bioreactors. It combines microbial conversion with multiphase flow and
mass transfer, providing an alternative perspective for the understanding of
microbial biomass and energy production process as well as enhancement
strategy. This book is relevant to students and researchers who work in the fields
of renewable energy, engineering and biotechnology. Policymakers, economists
and industry engineers also benefit from this book, as it can be used as a resource
for the implementation of renewable energy technologies.

Biomass as a Sustainable Energy Source for the Future
This graduate textbook describes atomic-level kinetics (mechanisms and rates) of
thermal energy storage, transport (conduction, convection, and radiation), and
transformation (various energy conversions) by principal energy carriers. The
approach combines the fundamentals of molecular orbitals-potentials, statistical
thermodynamics, computational molecular dynamics, quantum energy states,
transport theories, solid-state and fluid-state physics, and quantum optics. The
textbook presents a unified theory, over fine-structure/molecularPage 5/16
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dynamics/Boltzmann/macroscopic
length and time scales, of heat transfer kinetics
in terms of transition rates and relaxation times, and its modern applications,
including nano- and microscale size effects. Numerous examples, illustrations, and
homework problems with answers that enhance learning are included. This new
edition includes applications in energy conversion (including chemical bond,
nuclear, and solar), expanded examples of size effects, inclusion of junction
quantum transport, and discussion of graphene and its phonon and electronic
conductances. New appendix coverage of Phonon Contributions Seebeck
Coefficient and Monte Carlo Methods are also included.

Anonymous
These lecture notes provide a detailed treatment of the thermal energy storage
and transport by conduction in natural and fabricated structures. Thermal energy
in two carriers, i.e. phonons and electrons — are explored from first principles. For
solid-state transport, a common Landauer framework is used for heat flow. Issues
including the quantum of thermal conductance, ballistic interface resistance, and
carrier scattering are elucidated. Bulk material properties, such as thermal and
electrical conductivity, are derived from particle transport theories, and the effects
of spatial confinement on these properties are established.

Thin Films for Energy Harvesting, Conversion, and Storage
Understanding non-equilibrium properties of classical and quantum many-particle
systems is one of the goals of contemporary statistical mechanics. Besides its own
interest for the theoretical foundations of irreversible thermodynamics(e.g. of the
Fourier's law of heat conduction), this topic is also relevant to develop innovative
ideas for nanoscale thermal management with possible future applications to
nanotechnologies and effective energetic resources. The first part of the volume
(Chapters 1-6) describes the basic models, the phenomenology and the various
theoretical approaches to understand heat transport in low-dimensional lattices
(1D e 2D). The methods described will include equilibrium and nonequilibrium
molecular dynamics simulations, hydrodynamic and kinetic approaches and the
solution of stochastic models. The second part (Chapters 7-10) deals with
applications to nano and microscale heat transfer, as for instance phononic
transport in carbon-based nanomaterials, including the prominent case of
nanotubes and graphene. Possible future developments on heat flow control and
thermoelectric energy conversion will be outlined. This volume aims at being the
first step for graduate students and researchers entering the field as well as a
reference for the community of scientists that, from different backgrounds
(theoretical physics, mathematics, material sciences and engineering), has grown
in the recent years around those themes.

Heat Transfer Physics
The Microfluidics and Nanofluidics Handbook: Two-Volume Set comprehensively
captures the cross-disciplinary breadth of the fields of micro- and nanofluidics,
which encompass the biological sciences, chemistry, physics and engineering
applications. To fill the knowledge gap between engineering and the basic
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editors pulled
together key individuals, well known in their respective
areas, to author chapters that help graduate students, scientists, and practicing
engineers understand the overall area of microfluidics and nanofluidics. Topics
covered include Cell Lysis Techniques in Lab-on-a-Chip Technology Electrodics in
Electrochemical Energy Conversion Systems: Microstructure and Pore-Scale
Transport Microscale Gas Flow Dynamics and Molecular Models for Gas Flow and
Heat Transfer Microscopic Hemorheology and Hemodynamics Covering physics and
transport phenomena along with life sciences and related applications, Volume
One: Chemistry, Physics, and Life Science Principles provides readers with the
fundamental science background that is required for the study of microfluidics and
nanofluidics. Both volumes include as much interdisciplinary knowledge as possible
to reflect the inherent nature of this area, valuable to students and practitioners.

Nanoparticle Heat Transfer and Fluid Flow
The Physics of Thermoelectric Energy Conversion
A THOROUGH EXPLANATION OF THE METHODOLOGIES USED FOR SOLVING HEAT
TRANSFER PROBLEMS IN MICRO- AND NANOSYSTEMS. Written by one of the field's
pioneers, this highly practical, focused resource integrates the existing body of
traditional knowledge with the most recent breakthroughs to offer the reader a
solid foundation as well as working technical skills. THE INFORMATION NEEDED TO
ACCOUNT FOR THE SIZE EFFECT WHEN DESIGNING AND ANALYZING SYSTEMS AT
THE NANOMETER SCALE, WITH COVERAGE OF Statistical Thermodynamics,
Quantum Mechanics, Thermal Properties of Molecules, Kinetic Theory, and
Micro/Nanofluidics Thermal Transport in Solid Micro/Nanostructures, Electron and
Phonon Scattering, Size Effects, Quantum Conductance, Electronic Band Theory,
Tunneling, Nonequilibrium Heat Conduction, and Analysis of Solid State Devices
Such As Thermoelectric Refrigeration and Optoelectronics Nanoscale Thermal
Radiation and Radiative Properties of Nanomaterials, Radiation Temperature and
Entropy, Surface Electromagnetic Waves, and Near-Field Radiation for Energy
Conversion Devices IN THE NANOWORLD WHERE THE OLD AXIOMS OF THERMAL
ANALYSIS MAY NOT APPLY, NANO/MICROSCALE HEAT TRANSFER IS AN ESSENTIAL
RESEARCH AND LEARNING SOURCE. Inside: • Statistical Thermodynamics and
Kinetic Theory • Thermal Properties of Solids • Thermal Transport in Solids
Micro/Nanostructures • Micro/Nanoscale Thermal Radiation • Radiative Properties
of Nanomaterials

Nanomaterials For Energy Conversion And Storage
This book outlines the principles of thermoelectric generation and refrigeration
from the discovery of the Seebeck and Peltier effects in the nineteenth century
through the introduction of semiconductor thermoelements in the mid-twentieth
century to the more recent development of nanostructured materials. It is shown
that the efficiency of a thermoelectric generator and the coefficient of performance
of a thermoelectric refrigerator can be related to a quantity known as the figure of
merit. The figure of merit depends on the Seebeck coefficient and the ratio of the
electrical to thermal conductivity. It is shown that expressions for these
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from the band theory of solids. The conditions for
favourable electronic properties are discussed. The methods for selecting materials
with a low lattice thermal conductivity are outlined and the ways in which the
scattering of phonons can be enhanced are described. The application of these
principles is demonstrated for specific materials including the bismuth telluride
alloys, bismuth antimony, alloys based on lead telluride, silicon-germanium and
materials described as phonon-glass electron-crystals. It is shown that there can be
advantages in using the less familiar transverse thermoelectric effects and the
transverse thermomagnetic effects. Finally, practical aspects of thermoelectric
generation and refrigeration are discussed. The book is aimed at readers who do
not have a specialised knowledge of solid state physics.

Applied Thermal Measurements At The Nanoscale: A Beginner's
Guide To Electrothermal Methods
Energy transport and conversion in nanoscale structures is a rapidly expanding
area of science. It looks set to make a significant impact on human life and, with
numerous commercial developments emerging, will become a major academic
topic over the coming years. Owing to the difficulty in experimental measurement,
computational simulation has become a powerful tool in the study of nanoscale
energy transport and harvesting. This book provides an introduction to the current
computational technology and discusses the applications of nanostructures in
renewable energy and the associated research topics. It will be useful for theorists,
experimentalists, and graduate-level students who want to explore this new field of
research. The book addresses the currently used computational technologies and
their applications in study of nanoscale energy transport and conversion. With
content relevant to both academic and commercial viewpoints, it will interest
researchers and postgraduates as well as consultants in the renewable energy
industry.

The Physics of Solar Cells
This book aims to serve as a practical guide for novices to design and conduct
measurements of thermal properties at the nanoscale using electrothermal
techniques. An outgrowth of the authors’ tutorials for new graduate students in
their own labs, it includes practical details on measurement design and selection,
sensitivity and uncertainty analysis, and pitfalls and verifications. The information
is particularly helpful for someone setting up their own experiment for the first
time. The book emphasizes the integration of thermal analysis with practical
experimental considerations, in order to design an experiment for best sensitivity
and to configure the laboratory instruments accordingly. The focus is on the
measurements of thermal conductivity, though thermal diffusivity and thermal
boundary resistance (thermal contact resistance) are also briefly covered, and
many of the principles can be generalized to other challenging thermal
measurements.The reader is only expected to have the basic familiarity with
electrical instruments typical of a university graduate in science or engineering,
and an acquaintance with the elementary laws of heat transfer by conduction,
convection, and radiation.
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Nanophononics
We all experience times of hiddenness, when our potential is unseen and our
abilities unapplauded. This book redeems those times by reminding us that though
we often want to rush through these anonymous seasons of the soul, they hold
enormous power to cultivate character traits that cannot be developed any other
way!

Introduction to Spacecraft Thermal Design
This book is designed to: Provide students with the tools to model, analyze and
solve a wide range of engineering applications involving conduction heat transfer.
Introduce students to three topics not commonly covered in conduction heat
transfer textbooks: perturbation methods, heat transfer in living tissue, and
microscale conduction. Take advantage of the mathematical simplicity of odimensional conduction to present and explore a variety of physical situations that
are of practical interest. Present textbook material in an efficient and concise
manner to be covered in its entirety in a one semester graduate course. Drill
students in a systematic problem solving methodology with emphasis on thought
process, logic, reasoning and verification. To accomplish these objectives requires
judgment and balance in the selection of topics and the level of details.
Mathematical techniques are presented in simplified fashion to be used as tools in
obtaining solutions. Examples are carefully selected to illustrate the application of
principles and the construction of solutions. Solutions follow an orderly approach
which is used in all examples. To provide consistency in solutions logic, I have
prepared solutions to all problems included in the first ten chapters myself.
Instructors are urged to make them available electronically rather than posting
them or presenting them in class in an abridged form.

Transport Phenomena in Micro- and Nanoscale Functional
Materials and Devices
Energy Saving Coating Materials: Design, Process, Implementation and
Developments provides comprehensive information regarding recent materials
advancements and design aspects and integration for infra-red radiation
regulators, along with future developments of zero emission buildings. The key
opportunities and challenges for the usage of existing heat regulation materials
and their implementation for commercial aspects are explored. The fundamental
interaction between electromagnetic waves and materials are discussed, along
with materials synthesis, design and integration of coatings for smart window
applications. This book presents recent developments of innovative technologies
comprising energy saving materials and coatings which are key considerations for
achieving vital energy saving milestones. Provides knowledge-based information
on the optical properties of materials and their utility for solar energy harvesting
and energy saving applications Discusses innovative coatings for smart windows
applications, including the progressive development of radiative cooling and cool
paint Previews future developments for the synthesis, design and integration of
heat regulative materials
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Radiative Heat Transfer
Heat in most semiconductor materials, including the traditional group IV elements
(Si, Ge, diamond), III–V compounds (GaAs, wide-bandgap GaN), and carbon
allotropes (graphene, CNTs), as well as emerging new materials like transition
metal dichalcogenides (TMDCs), is stored and transported by lattice vibrations
(phonons). Phonon generation through interactions with electrons (in
nanoelectronics, power, and nonequilibrium devices) and light (optoelectronics) is
the central mechanism of heat dissipation in nanoelectronics. This book focuses on
the area of thermal effects in nanostructures, including the generation, transport,
and conversion of heat at the nanoscale level. Phonon transport, including thermal
conductivity in nanostructured materials, as well as numerical simulation methods,
such as phonon Monte Carlo, Green’s functions, and first principles methods,
feature prominently in the book, which comprises four main themes: (i) phonon
generation/heat dissipation, (i) nanoscale phonon transport, (iii)
applications/devices (including thermoelectrics), and (iv) emerging materials
(graphene/2D). The book also covers recent advances in nanophononics—the study
of phonons at the nanoscale. Applications of nanophononics focus on
thermoelectric (TE) and tandem TE/photovoltaic energy conversion. The
applications are augmented by a chapter on heat dissipation and self-heating in
nanoelectronic devices. The book concludes with a chapter on thermal transport in
nanoscale graphene ribbons, covering recent advances in phonon transport in 2D
materials. The book will be an excellent reference for researchers and graduate
students of nanoelectronics, device engineering, nanoscale heat transfer, and
thermoelectric energy conversion. The book could also be a basis for a graduate
special topics course in the field of nanoscale heat and energy.

Bioreactors for Microbial Biomass and Energy Conversion
Develop a fundamental understanding of heat transfer analysis techniques as
applied to earth based spacecraft with this practical guide. Written in a tutorial
style, this essential text provides a how-to manual tailored for those who wish to
understand and develop spacecraft thermal analyses. Providing an overview of
basic heat transfer analysis fundamentals such as thermal circuits, limiting
resistance, MLI, environmental thermal sources and sinks, as well as contemporary
space based thermal technologies, and the distinctions between design
considerations inherent to room temperature and cryogenic temperature
applications, this is the perfect tool for graduate students, professionals and
academic researchers.

Nano/Microscale Heat Transfer
Featuring contributions by leading researchers in the field, Nanoparticle Heat
Transfer and Fluid Flow explores heat transfer and fluid flow processes in
nanomaterials and nanofluids, which are becoming increasingly important across
the engineering disciplines. The book covers a wide range, from biomedical and
energy conversion applications to materials properties, and addresses aspects that
are essential for further progress in the field, including numerical quantification,
modeling, simulation, and presentation. Topics include: A broad review of nanofluid
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applications,
including industrial
heat transfer, biomedical engineering, electronics,
energy conversion, membrane filtration, and automotive An overview of
thermofluids and their importance in biomedical applications and heat-transfer
enhancement A deeper look at biomedical applications such as nanoparticle
hyperthermia treatments for cancers Issues in energy conversion from dispersed
forms to more concentrated and utilizable forms Issues in nanofluid properties,
which are less predictable and less repeatable than those of other media that
participate in fluid flow and heat transfer Advances in computational fluid dynamic
(CFD) modeling of membrane filtration at the microscale The role of nanofluids as a
coolant in microchannel heat transfer for the thermal management of electronic
equipment The potential enhancement of natural convection due to nanoparticles
Examining key topics and applications in nanoscale heat transfer and fluid flow,
this comprehensive book presents the current state of the art and a view of the
future. It offers a valuable resource for experts as well as newcomers interested in
developing innovative modeling and numerical simulation in this growing field.

Thermal Energy at the Nanoscale
Heat transfer laws for conduction, radiation and convection change when the
dimensions of the systems in question shrink. The altered behaviours can be used
efficiently in energy conversion, respectively bio- and high-performance materials
to control microelectronic devices. To understand and model those thermal
mechanisms, specific metrologies have to be established. This book provides an
overview of actual devices and materials involving micro-nanoscale heat transfer
mechanisms. These are clearly explained and exemplified by a large spectrum of
relevant physical models, while the most advanced nanoscale thermal metrologies
are presented.

Nanoscale Energy Transport and Harvesting
The book provides an explanation of the operation of photovoltaic devices from a
broad perspective that embraces a variety of materials concepts, from
nanostructured and highly disordered organic materials, to highly efficient devices
such as the lead halide perovskite solar cells. The book establishes from the
beginning a simple but very rich model of a solar cell, in order to develop and
understand step by step the photovoltaic operation according to fundamental
physical properties and constraints. It emphasizes the aspects pertaining to the
functioning of a solar cell and the determination of limiting efficiencies of energy
conversion. The final chapters of the book establish a more refined and realistic
treatment of the many factors that determine the actual performance of
experimental devices: transport gradients, interfacial recombination, optical losses
and so forth. The book finishes with a short review of additional important aspects
of solar energy conversion, such as the photonic aspects of spectral modification,
and the direct conversion of solar photons to chemical fuel via electrochemical
reactions.

Engineering Applications of Nanotechnology
This book brings together leading names in the field of nanoscale energy transport
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to provide
a comprehensive
and insightful review of this developing topic. The text
covers new developments in the scientific basis and the practical relevance of
nanoscale energy transport, highlighting the emerging effects at the nanoscale
that qualitatively differ from those at the macroscopic scale. Throughout the book,
microscopic energy carriers are discussed, including photons, electrons and
magnons. State-of-the-art computational and experimental nanoscale energy
transport methods are reviewed, and a broad range of materials system topics are
considered, from interfaces and molecular junctions to nanostructured bulk
materials. Nanoscale Energy Transport is a valuable reference for researchers in
physics, materials, mechanical and electrical engineering, and it provides an
excellent resource for graduate students.

Nanostructured Materials for Solar Energy Conversion
In this book, expert authors describe advanced solar photon conversion
approaches that promise highly efficient photovoltaic and photoelectrochemical
cells with sophisticated architectures on the one hand, and plastic photovoltaic
coatings that are inexpensive enough to be disposable on the other. Their
leitmotifs include light-induced exciton generation, junction architectures that lead
to efficient exciton dissociation, and charge collection by percolation through
mesoscale phases. Photocatalysis is closely related to photoelectrochemistry, and
the fundamentals of both disciplines are covered in this volume.

Bringing Thermoelectricity into Reality
Nanostructured Materials for Solar Energy Conversion covers a wide variety of
materials and device types from inorganic materials to organic materials. This book
deals with basic semiconductor physics, modelling of nanostructured solar cell,
nanostructure of conventional solar cells such as silicon, CIS and CdTe, dyesensitized solar cell, organic solar cell, photosynthetic materials, fullerene,
extremely thin absorber (ETA) solar cell, quantum structured solar cell,
intermediate band solar cell, carbon nanotube, etc. including basic principle and
the latest results. There are many books written on conventional p-n junction solar
cells, but few books focus on new concepts in this area. * Focuses on the use of
nanostructured materials for solar energy * Looks at a wide variety of materials
and device types * Covers both organic and inorganic materials

Principles of Convective Heat Transfer
This book is designed as a textbook for mechanical engineering seniors or
beginning graduate students. The book provides a reasonable theoretical basis for
a subject that has traditionally had a very strong experimental base. The core of
the book is devoted to boundary layer theory with special emphasis on the laminar
and turbulent thermal boundary layer. Two chapters on heat exchanger theory are
included since this subject is one of the principle application areas of convective
heat transfer.

Energy Saving Coating Materials
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Transport
Phenomena in
Micro- and Nanoscale Functional Materials and Devices
offers a pragmatic view on transport phenomena for micro- and nanoscale
materials and devices, both as a research tool and as a means to implant new
functions in materials. Chapters emphasize transport properties (TP) as a research
tool at the micro/nano level and give an experimental view on underlying
techniques. The relevance of TP is highlighted through the interplay between a
micro/nanocarrier’s characteristics and media characteristics: long/short-range
order and disorder excitations, couplings, and in energy conversions. Later
sections contain case studies on the role of transport properties in functional
nanomaterials. This includes transport in thin films and nanostructures, from
nanogranular films, to graphene and 2D semiconductors and spintronics, and from
read heads, MRAMs and sensors, to nano-oscillators and energy conversion, from
figures of merit, micro-coolers and micro-heaters, to spincaloritronics. Presents a
pragmatic description of electrical transport phenomena in micro- and nanoscale
materials and devices from an experimental viewpoint Provides an in-depth
overview of the experimental techniques available to measure transport
phenomena in micro- and nanoscale materials Features case studies to illustrate
how each technique works Highlights emerging areas of interest in micro- and
nanomaterial transport phenomena, including spintronics

CRC Handbook of Thermoelectrics
Efficient clean energy harvesting, conversion, and storage technologies are of
immense importance for the sustainable development of human society. To this
end, scientists have made significant advances in recent years regarding new
materials and devices for improving the energy conversion efficiency for
photovoltaics, thermoelectric generation, photoelectrochemical/electrolytic
hydrogen generation, and rechargeable metal ion batteries. The aim of this Special
Issue is to provide a platform for research scientists and engineers in these areas
to demonstrate and exchange their latest research findings. This thematic topic
undoubtedly represents an extremely important technological direction, covering
materials processing, characterization, simulation, and performance evaluation of
thin films used in energy harvesting, conversion, and storage.

Thermal Nanosystems and Nanomaterials
Nanoelectronics: Devices, Circuits and Systems explores current and emerging
trends in the field of nanoelectronics, from both a devices-to-circuits and circuits-tosystems perspective. It covers a wide spectrum and detailed discussion on the field
of nanoelectronic devices, circuits and systems. This book presents an in-depth
analysis and description of electron transport phenomenon at nanoscale
dimensions. Both qualitative and analytical approaches are taken to explore the
devices, circuit functionalities and their system applications at deep submicron and
nanoscale levels. Recent devices, including FinFET, Tunnel FET, and emerging
materials, including graphene, and its applications are discussed. In addition, a
chapter on advanced VLSI interconnects gives clear insight to the importance of
these nano-transmission lines in determining the overall IC performance. The
importance of integration of optics with electronics is elucidated in the
optoelectronics and photonic integrated circuit sections of this book. This book
provides valuable resource materials for scientists and electrical engineers who
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want toIn
learn
more about
nanoscale electronic materials and how they are used.
Shows how electronic transport works at the nanoscale level Demonstrates how
nanotechnology can help engineers create more effective circuits and systems
Assesses the most commonly used nanoelectronic devices, explaining which is
best for different situations

Nanoelectronics
Ultrananocrystalline Diamond: Synthesis, Properties, and Applications is a unique
practical reference handbook. Written by the leading experts worldwide it
introduces the science of UNCD for both the R&D community and applications
developers using UNCD in a diverse range of applications from macro to
nanodevices, such as energy-saving ultra-low friction and wear coatings for
mechanical pump seals and tools, high-performance MEMS/NEMS-based systems
(e.g. in telecommunications), the next generation of high-definition flat panel
displays, in-vivo biomedical implants, and biosensors. This work brings together
the basic science of nanoscale diamond structures, with detailed information on
ultra-nanodiamond synthesis, properties, and applications. The book offers
discussion on UNCD in its two forms, as a powder and as a chemical vapor
deposited film. Also discussed are the superior mechanical, tribological, transport,
electrochemical, and electron emission properties of UNCD for a wide range of
applications including MEMS/ NEMS, surface acoustic wave (SAW) devices,
electrochemical sensors, coatings for field emission arrays, photonic and RF
switching, biosensors, and neural prostheses, etc. Ultrananocrystalline Diamond
summarises the most recent developments in the nanodiamond field, and presents
them in a way that will be useful to the R&D community in both academic and
corporate sectors. Coverage of both nanodiamond particles and films make this a
valuable resource for both the nanotechnology community and the field of thin
films / vacuum deposition. Written by the world’s leading experts in nanodiamond,
this second edition builds on its predecessor’s reputation as the most up-to-date
resource in the field.

Thermoelectric Energy Conversion
Through analyses, experimental results, and worked-out numerical examples,
Microscale and Nanoscale Heat Transfer: Fundamentals and Engineering
Applications explores the methods and observations of thermophysical phenomena
in size-affected domains. Compiling the most relevant findings from the literature,
along with results from their own re

Heat Conduction
Sustainable Nanoscale Engineering: From Materials Design to Chemical Processing
presents the latest on the design of nanoscale materials and their applications in
sustainable chemical production processes. The newest achievements of materials
science, in particular nanomaterials, opened new opportunities for chemical
engineers to design more efficient, safe, compact and environmentally benign
processes. These materials include metal-organic frameworks, graphene,
membranes, imprinted polymers, polymers of intrinsic microporosity,
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nanoparticles,
and nanofilms,
to name a few. Topics discussed include gas
separation, CO2 sequestration, continuous processes, waste valorization, catalytic
processes, bioengineering, pharmaceutical manufacturing, supercritical CO2
technology, sustainable energy, molecular imprinting, graphene, nature inspired
chemical engineering, desalination, and more. Describes new, efficient and
environmentally accepted processes for nanomaterials design Includes a large
array of materials, such as metal-organic frameworks, graphene, imprinted
polymers, and more Explores the contribution of these materials in the
development of sustainable chemical processes

Sustainable Nanoscale Engineering
Carbon Based Nanomaterials for Advanced Thermal and Electrochemical Energy
Storage and Conversion presents a comprehensive overview of recent theoretical
and experimental developments and prospects on carbon-based nanomaterials for
thermal, solar and electrochemical energy conversion, along with their storage
applications for both laboratory and industrial perspectives. Large growth in human
populations has led to seminal growth in global energy consumption, hence fossil
fuel usage has increased, as have unwanted greenhouse gases, including carbon
dioxide, which results in critical environmental concerns. This book discusses this
growing problem, aligning carbon nanomaterials as a solution because of their
structural diversity and electronic, thermal and mechanical properties. Provides an
overview on state-of-the-art carbon nanomaterials and key requirements for
applications of carbon materials towards efficient energy storage and conversion
Presents an updated and comprehensive review of recent work and the theoretical
aspects on electrochemistry Includes discussions on the industrial production of
carbon-based materials for energy applications, along with insights from industrial
experts
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