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The proposed research mainly focuses on employing
tunable materials to achieve dynamic control of
radiative heat transfer in both far and near fields for
thermal management. Vanadium dioxide (VO2),
which undergoes a phase transition from insulator to
metal at the temperature of 341 K, is one tunable
material being applied. The other one is graphene,
whose optical properties can be tuned by chemical
potential through external bias or chemical doping. In
the far field, a VO2-based metamaterial thermal
emitter with switchable emittance in the mid-infrared
has been theoretically studied. When VO2 is in the
insulating phase, high emittance is observed at the
resonance frequency of magnetic polaritons (MPs),
while the structure becomes highly reflective when
VO2 turns metallic. A VO2-based thermal emitter
with tunable emittance is also demonstrated due to
the excitation of MP at different resonance
frequencies when VO2 changes phase. Moreover,
an infrared thermal emitter made of graphenecovered SiC grating could achieve frequency-tunable
emittance peak via the change of the graphene
chemical potential.In the near field, a radiation-based
thermal rectifier is constructed by investigating
radiative transfer between VO2 and SiO2 separated
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by nanometer vacuum gap distances. Compared to
the case where VO2 is set as the emitter at 400 K as
a metal, when VO2 is considered as the receiver at
300 K as an insulator, the energy transfer is greatly
enhanced due to the strong surface phonon polariton
(SPhP) coupling between insulating VO2 and SiO2.
A radiation-based thermal switch is also explored by
setting VO2 as both the emitter and the receiver.
When both VO2 emitter and receiver are at the
insulating phase, the switch is at the "on" mode with
a much enhanced heat flux due to strong SPhP
coupling, while the near-field radiative transfer is
greatly suppressed when the emitting VO2 becomes
metallic at temperatures higher than 341K during the
"off" mode. In addition, an electrically-gated thermal
modulator made of graphene covered SiC plates is
theoretically studied with modulated radiative
transport by varying graphene chemical potential.
Moreover, the MP effect on near-field radiative
transport has been investigated by spectrally
enhancing radiative heat transfer between two metal
gratings.
Heat transfer is a sub-field of thermal engineering,
which deals with the generation, conversion, use and
exchange of thermal energy between physical
systems. The fundamental mechanisms of heat
transfer are conduction, convection, advection and
radiation. It is crucial for phase transition in a
thermodynamic system from one state of matter to
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the other. Heat transfer has wide applications in
insulation, thermal management of electronic
devices and systems, materials processing, etc.
Mass transfer refers to the net movement of mass
from one location to another. It may occur due to the
processes of precipitation, absorption, evaporation,
distillation, etc. Mass transfer is used widely in
separations engineering, reaction engineering, heat
transfer engineering, etc. This book is a valuable
compilation of topics, ranging from the basic to the
most complex theories and principles in the field of
heat and mass transfer. Different approaches,
evaluations, methodologies and studies have been
included in this book. It aims to serve as a resource
guide for students and experts alike and contribute
to the growth of the discipline.
Thermal and mechanical packaging — the enabling
technologies for the physical implementation of
electronic systems — are responsible for much of the
progress in miniaturization, reliability, and functional
density achieved by electronic, microelectronic, and
nanoelectronic products during the past 50 years.
The inherent inefficiency of electronic devices and
their sensitivity to heat have placed thermal
packaging on the critical path of nearly every product
development effort in traditional, as well as
emerging, electronic product categories.Successful
thermal packaging is the key differentiator in
electronic products, as diverse as supercomputers
Page 3/24

Online Library Heat Transfer Thermal
Management Of Electronics
and cell phones, and continues to be of pivotal
importance in the refinement of traditional products
and in the development of products for new
applications. The Encyclopedia of Thermal
Packaging, compiled in four multi-volume sets (Set
1: Thermal Packaging Techniques, Set 2: Thermal
Packaging Tools, Set 3: Thermal Packaging
Applications, and Set 4: Thermal Packaging
Configurations) provides a comprehensive, one-stop
treatment of the techniques, tools, applications, and
configurations of electronic thermal packaging. Each
of the author-written volumes presents the
accumulated wisdom and shared perspectives of a
few luminaries in the thermal management of
electronics.The four sets in the Encyclopedia of
Thermal Packaging will provide the novice and
student with a complete reference for a quick ascent
on the thermal packaging 'learning curve,' the
practitioner with a validated set of techniques and
tools to face every challenge, and researchers with a
clear definition of the state-of-the-art and emerging
needs to guide their future efforts. This encyclopedia
will, thus, be of great interest to packaging
engineers, electronic product development
engineers, and product managers, as well as to
researchers in thermal management of electronic
and photonic components and systems, and most
beneficial to undergraduate and graduate students
studying mechanical, electrical, and electronic
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engineering.Set 3: Thermal Packaging
ApplicationsThe third set in the Encyclopedia
includes two volumes in the planned focus on
Thermal Packaging Applications and a single volume
on the use of Phase Change Materials (PCM), a
most important Thermal Management Technique,
not previously addressed in the Encyclopedia. Set 3
opens with Heat Transfer in Avionic Equipment,
authored by Dr Boris Abramzon, offering a
comprehensive, in-depth treatment of compact heat
exchangers and cold plates for avionics cooling, as
well as discussion on recent developments in these
heat transfer units that are widely used in the
thermal control of military and civilian airborne
electronics. Along with a detailed presentation of the
relevant thermofluid physics and governing
equations, and the supporting mathematical design
and optimization techniques, the book offers a
practical guide for thermal engineers designing
avionics cooling equipment, based on the author's
20+ years of experience as a thermal analyst and a
practical design engineer for Avionics and related
systems.The Set continues with Thermal
Management of RF Systems, which addresses
sequentially the history, present practice, and future
thermal management strategies for electronicallysteered RF systems, in the context of the RF
operational requirements, as well as device-,
module-, and system-level electronic, thermal, and
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mechanical considerations. This unique text was
written by 3 authors, Dr John D Albrecht, Mr David H
Altman, Dr Joseph J Maurer, with extensive US
Department of Defense and aerospace industry
experience in the design, development, and fielding
of RF systems. Their combined efforts have resulted
in a text, which is well-grounded in the relevant past,
present, and future RF systems and technologies.
Thus, this volume will provide the designers of
advanced radars and other electronic RF systems
with the tools and the knowledge to address the
thermal management challenges of today's
technologies, as well as of advanced technologies,
such as wide bandgap semiconductors,
heterogeneously integrated devices, and 3D
chipsets and stacks.The third volume in Set 3,
Phase Change Materials for Thermal Management
of Electronic Components, co-authored by Prof
Gennady Ziskind and Dr Yoram Kozak, provides a
detailed description of the numerical methods used
in PCM analysis and a detailed explanation of the
processes that accompany and characterize solidliquid phase-change in popular basic and advanced
geometries. These provide a foundation for an indepth exploration of specific electronics thermal
management applications of Phase Change
Materials. This volume is anchored in the unique
PCM knowledge and experience of the senior author
and placed in the context of the extensive solid-liquid
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phase-change literature in such diverse fields as
material science, mathematical modeling,
experimental and numerical methods, and
thermofluid science and engineering.
These days, the cooling of new generation electronic
servers is a challenge due to the immense heat
generated by them. In order to avoid overheating
caused by the important rise in temperature
appropriate cooling procedures must be used in
order to meet the thermal requirement. The current
study aims at addressing the issue of overheating in
this field, and focuses on the thermal management
of electronic devices modelled as a discrete heat
sources (mounted in a rectangular cavity) with
uniform heat flux applied from the bottom. A review
of the literature published regarding the convective
heat transfer from heated sources as well as a
thorough background on the theory of the cooling of
discrete sources by forced convection in rectangular
channel is provided in this study. It was showed that
the heat transfer performance in channel is strongly
influenced by the geometric configurations of heat
sources. Therefore, the arrangement and geometric
optimisation are the main considerations in the
evaluation of thermal performance. Unlike
experimental methods that were carried out widely in
the past, which provided less cost-effective and
more time-consuming means of achieving the same
objective, in this study we first explore the
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possibilities and the advantages of using the CDadapco's CFD package Star-CCM+ to launch a three
dimensional investigation of forced convection heat
transfer performance in a channel mounted with
equidistant heatgenerating blocks. Numerical results
were validated with available experimental data, and
showed that the thermal performance of the heat
transfer increases with the strength of the flow. The
second objective was to maximise the heat transfer
density rate to the cooling fluid and to minimise both
the average and the maximum temperature in the
channel by using the numerical optimisation tool
HEEDS/Optimate+. The optimal results showed that
better thermal performance was not obtained when
the heated sources followed the traditional
equidistance arrangement, but was achieved with a
specific optimal arrangement under the total length
constraint for the first case. Subsequently, for the
second case study, on the volume constraints of
heat sources, the results proved that optimal
configurations that maximise the heat transfer
density rate were obtained with a maximum of either
the height-to-length ratio or the height-to-width ratio.
It was concluded that the heat transfer rate to the
cooling fluid increases significantly with the Reynolds
number and the optimal results obtained numerically
are found to be fairly reliable.
Electronic technology is developing rapidly and, with
it, the problems associated with the cooling of
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microelectronic equipment are becoming
increasingly complex. So much so that it is
necessary for experts in the fluid and thermal
sciences to become involved with the cooling
problem. Such thoughts as these led to an approach
to leading specialists with a request to contribute to
the present book. Cooling of Electronic Systems
presents the technical progress achieved in the
fundamentals of the thermal management of
electronic systems and thermal strategies for the
design of microelectronic equipment. The book starts
with an introduction to the cooling of electronic
systems, involving such topics as trends in computer
system cooling, the cooling of high performance
computers, thermal design of microelectronic
components, natural and forced convection cooling,
cooling by impinging air and liquid jets, thermal
control systems for high speed computers, together
with a detailed review of advances in manufacturing
and assembly technology. Following this, practical
methods for the determination of the parameters
required for the thermal analysis of electronic
systems and the accurate prediction of temperature
in consumer electronics. Cooling of Electronic
Systems is currently the most up-to-date book on the
thermal management of electronic and
microelectronic equipment, and the subject is
presented by eminent scientists and experts in the
field. Vital reading for all designers of modern, highPage 9/24
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speed computers.
For the second time, the Eurotherm Committee has
chosen Thermal Managment of Electronic Systems
as the subject for its 45th Seminar, held at IMEC in
Leuven, Belgium, from 20 to 22 September 1995.
After the successfui first edition of this seminar in
Delft, June 14-16, 1993, it was decided to repeat this
event on a two year basis. This volume constitutes
the edited proceedings of the Seminar. Thermal
management of electronic systems is gaining
importance. Whereas a few years ago papers on this
subject where mainly devoted to applications in high
end markets, such as mainframes and
telecommunication switching equipment, we see a
growing importance in the "lower" end applications.
This may be understood from the growing impact of
electronics on every day life, from car electronics,
GSM phones, personal computers to electronic
games. These applications add new requirements to
the thermal design. The thermal problem and the
applicable cooling strategies are quite different from
those in high end products. In this seminar the latest
developments in many of the different aspects of the
thermal design of electronic systems were
discussed. Particular attention was given to thermal
modelling, experimental characterisation and the
impact of thermal design on the reliability of
electronic systems.
With an increased demand on system reliability and
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performance combined with the miniaturization of
devices, thermal consideration has become a crucial
factor in the design of electronic packaging, from
chip to system levels. This book emphasizes the
solving of practical design problems in a wide range
of subjects related to various heat transfer
technologies.
Packaging, the physical design and implementation
of electronic systems is responsible for much of the
progress in miniaturization, reliability and functional
density achieved by the full range of electronic,
microelectronic and nanoelectronic products during
the past several decades. The inherent inefficiency
of electronic devices and their sensitivity to heat
have placed thermal management on the critical
path of nearly every organization dealing with
traditional electronic product development, as well as
emerging, product categories. Successful thermal
packaging is the key differentiator in electronic
products, as diverse as supercomputers and cell
phones, and continues to be of critical importance in
the refinement of traditional products and in the
development of products for new applications.The
Encyclopedia of Thermal Packaging, compiled into
four 5-volume sets (Thermal Packaging Techniques,
Thermal Packaging Configurations, Thermal
Packaging Tools and Thermal Packaging
Applications), will provide comprehensive, one-stop
treatment of the techniques, configurations, tools
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and applications of electronic thermal packaging.
Each volume in a set comprises 250–350 pages and
is written by world experts in thermal management of
electronics.
The unsteady nature of the Pulsed Detonation
Engine (PDE) cycle creates a thermal environment
fundamentally different from steady flow cycles. Gas
velocities in a detonation tube range from O( -1) to
O(1000) within a single cycle. This broad range of
velocities and flow reversal make it difficult to
determine analytically the contribution to the beat
load from the purging filling detonating and blow
down portions of the cycle. In this paper the overall
heat load on a detonation tube is measured
calorimetrically in an aluminum water-cooled
detonation tube. The effects of operating parameters
such as fill fraction purge fraction ignition delay
equivalence ratio and cycle frequency are examined.
Equivalence ratio and cycle frequency are found to
have the largest effect on detonator tube heat load.
Since conventional cooling techniques are
increasing falling short of meeting the ever-growing
cooling demands of high heat generating devices,
thermal systems, and processes, advanced and
innovative cooling technologies are of immense
importance to deal with such high thermal
management. Hence, this book covers a number of
key topics related to advanced cooling approaches,
their performance, and applications, including:
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Evaporative air cooling; Spray impingement cooling;
Heat pump-based cooling; Modular cooling for
photovoltaic plant; Nucleate pool boiling of
refrigerants; Transient flashing spray cooling and
application; Compressor cooling systems for
industry. The book is aimed at a wide variety of
people from graduate students and researchers to
manufacturers who are involved or interested in the
areas of thermal management systems, cooling
technologies, and their applications.
Channeling or controlling the heat generated by
electronics products is a vital concern of product
developers: fail to confront this issue and the
chances of product failure escalate. This third book
in the series explores yet another method of heat
management-the use of liquids to absorb and
remove heat away from vital parts of the electronic
systems.
With contributions from leading experts, this second
volume in the ser ies strikes a balance between
generic and specific fundamentals and ge neric and
specific applications. After opening with a broad
overview o f the field of high-performance scientific
computing and its role in f luid flow and heat transfer
problems, the book goes on to cover such t opics as:
unstructured meshes; spectral element method; use
of the fin ite volume method for the numerical
solution of radiative heat transfe r problems; heat
conduction and the use of the boundary element
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method for both steady and unsteady problems;
special numerical issues relat ed to solving
microscale heat transfer problems; the Monte Carlo
Metho d; flow and heat transfer in porous media; and
the thermal management of electronic systems.
Technical papers from the November 2000 ASME Heat
Transfer Division congress and exposition comprise 31
sessions, including transport phenomena in fuel cell
systems, radiation heat transfer in energy systems, heat
transfer in microgravity systems, cryogenic heat transfer,
innovative heat transfer vi
The complete editorial contents of Qpedia Thermal
eMagazine, Volume 2, Issues 1 - 12 features in-depth,
technical articles on the most critical topics in the thermal
management of electronics.
Energy Efficient Thermal Management of Data Centers
examines energy flow in today's data centers. Particular
focus is given to the state-of-the-art thermal
management and thermal design approaches now being
implemented across the multiple length scales involved.
The impact of future trends in information technology
hardware, and emerging software paradigms such as
cloud computing and virtualization, on thermal
management are also addressed. The book explores
computational and experimental characterization
approaches for determining temperature and air flow
patterns within data centers. Thermodynamic analyses
using the second law to improve energy efficiency are
introduced and used in proposing improvements in
cooling methodologies. Reduced-order modeling and
robust multi-objective design of next generation data
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centers are discussed.
This Brief deals with Performance Evaluation Criteria
(PEC) for heat exchangers, single phase flow, objective
function and constraints, algebraic formulation, constant
flow rate, fixed flow area, thermal resistance, heat
exchanger effectiveness, relations for St and f, finned
tube banks, variations of PEC, reduced exchanger flow
rate, exergy based PEC, PEC for two-phase heat
exchangers, work consuming, work producing and heat
actuated systems. The authors explain Performance
Criteria of Enhanced Heat Transfer Surfaces—the ratio of
enhanced performance to the basic performance—and its
importance for Heat Transfer Enhancement and efficient
thermal management in devices.
????:Thermal analysis and control of electronic
equipment
The Eurotherm Committee has chosen Thermal
Management of Electronic Systems as the subject of its
29th Seminar, at Delft University of Technology, the
Netherlands, 14-16 June 1993. This volume constitutes
the proceedings of the Seminar. Thermal Management is
but one of the several critical topics in the design of
electronic systems. However, as a result of the combined
effects of increasing heat fluxes, miniaturisation and the
striving for zero defects, preferably in less time and at a
lower cost than before, thermal management has
become an increasingly tough challenge. Therefore, it is
being increasingly recognised that cooling requirements
could eventually hamper the technical progress in
miniaturisation. It might be argued that we are on the
verge of a revolution in thermal management techniques.
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Previously, a packaging engineer had no way of
predicting the tempera tures of critical electronic parts
with the required accuracy. He or she· had to rely on fullscale experiments, doubtful design rules, or worst-case
estimates. This situation is going to be changed in the
foreseeable future. User-friendly software tools, the
acquisition and integrity of input and output data, the
badly needed training mea sures, the introduction into a
concurrent engineering environment: all these items will
exert a heavy toll on the flexibility of the electronics
industries. Fortunately, this situation is being realised at
the appropriate management levels, and the interest in
this seminar and the pre-conference tutorials testifies to
this assertion.

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 and computational
models to analyse them.
Proceedings of the August 1996 conference. The
seventh of nine volumes contains 28 papers
covering a variety of air cooling subjects. Topics
include optimizing cross-sectional cavities for natural
convective cooling; foced convection/radiation heat
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transfer of staggered par fin rays; comparison of e
The continuing trend toward miniaturization and high
power density electronics results in a growing
interdependency between different fields of
engineering. In particular, thermal management has
become essential to the design and manufacturing of
most electronic systems. Heat Transfer: Thermal
Management of Electronics details how engineers
can use intelligent thermal design to prevent heatrelated failures, increase the life expectancy of the
system, and reduce emitted noise, energy
consumption, cost, and time to market. Appropriate
thermal management can also create a significant
market differentiation, compared to similar systems.
Since there are more design flexibilities in the earlier
stages of product design, it would be productive to
keep the thermal design in mind as early as the
concept and feasibility phase. The author first
provides the basic knowledge necessary to
understand and solve simple electronic cooling
problems. He then delves into more detail about heat
transfer fundamentals to give the reader a deeper
understanding of the physics of heat transfer. Next,
he describes experimental and numerical techniques
and tools that are used in a typical thermal design
process. The book concludes with a chapter on
some advanced cooling methods. With its
comprehensive coverage of thermal design, this
book can help all engineers to develop the
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necessary expertise in thermal management of
electronics and move a step closer to being a
multidisciplinary engineer.
Please click here for information on Set 1: Thermal
Packaging Techniques Thermal and mechanical
packaging -- the enabling technologies for the
physical implementation of electronic systems -- are
responsible for much of the progress in
miniaturization, reliability, and functional density
achieved by electronic, microelectronic, and
nanoelectronic products during the past 50 years.
The inherent inefficiency of electronic devices and
their sensitivity to heat have placed thermal
packaging on the critical path of nearly every product
development effort in traditional, as well as
emerging, electronic product categories. Successful
thermal packaging is the key differentiator in
electronic products, as diverse as supercomputers
and cell phones, and continues to be of pivotal
importance in the refinement of traditional products
and in the development of products for new
applications. The Encyclopedia of Thermal
Packaging, compiled in four multi-volume sets (Set
1: Thermal Packaging Techniques, Set 2: Thermal
Packaging Tools, Set 3: Thermal Packaging
Applications, and Set 4: Thermal Packaging
Configurations) will provide a comprehensive, onestop treatment of the techniques, tools, applications,
and configurations of electronic thermal packaging.
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Each of the author-written sets presents the
accumulated wisdom and shared perspectives of a
few luminaries in the thermal management of
electronics. Set 2: Thermal Packaging Tools The
second set in the encyclopedia, Thermal Packaging
Tools, includes volumes dedicated to thermal design
of data centers, techniques and models for the
design and optimization of heat sinks, the
development and use of reduced-order “compact”
thermal models of electronic components, a
database of critical material thermal properties, and
a comprehensive exploration of thermally-informed
electronic design. The numerical and analytical
techniques described in these volumes are among
the primary tools used by thermal packaging
practitioners and researchers to accelerate product
and system development and achieve “correct by
design” thermal packaging solutions. The four sets
in the Encyclopedia of Thermal Packaging will
provide the novice and student with a complete
reference for a quick ascent on the thermal
packaging "learning curve," the practitioner with a
validated set of techniques and tools to face every
challenge, and researchers with a clear definition of
the state-of-the-art and emerging needs to guide
their future efforts. This encyclopedia will, thus, be of
great interest to packaging engineers, electronic
product development engineers, and product
managers, as well as to researchers in thermal
Page 19/24

Online Library Heat Transfer Thermal
Management Of Electronics
management of electronic and photonic components
and systems, and most beneficial to undergraduate
and graduate students studying mechanical,
electrical, and electronic engineering. Foreword
Foreword (English) (42 KB) Foreword (Japanese)
(342 KB) Please click here for information on Set 1:
Thermal Packaging Techniques Thermal and
mechanical packaging -- the enabling technologies
for the physical implementation of electronic systems
-- are responsible for much of the progress in
miniaturization, reliability, and functional density
achieved by electronic, microelectronic, and
nanoelectronic products during the past 50 years.
The inherent inefficiency of electronic devices and
their sensitivity to heat have placed thermal
packaging on the critical path of nearly e
The need for advanced thermal management
materials in electronic packaging has been widely
recognized as thermal challenges become barriers
to the electronic industry’s ability to provide
continued improvements in device and system
performance. With increased performance
requirements for smaller, more capable, and more
efficient electronic power devices, systems ranging
from active electronically scanned radar arrays to
web servers all require components that can
dissipate heat efficiently. This requires that the
materials have high capability of dissipating heat and
maintaining compatibility with the die and electronic
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packaging. In response to critical needs, there have
been revolutionary advances in thermal
management materials and technologies for active
and passive cooling that promise integrable and costeffective thermal management solutions. This book
meets the need for a comprehensive approach to
advanced thermal management in electronic
packaging, with coverage of the fundamentals of
heat transfer, component design guidelines,
materials selection and assessment, air, liquid, and
thermoelectric cooling, characterization techniques
and methodology, processing and manufacturing
technology, balance between cost and performance,
and application niches. The final chapter presents a
roadmap and future perspective on developments in
advanced thermal management materials for
electronic packaging.
Vehicle Thermal Management Systems - VTMS 6
brings together papers from world-renowned experts
in their field, creating a volume of up-to-the-minute
research and developments. VTMS 6 makes vital
reading for all automotive engineers and designers
who wish to investigate the most innovative and
effective ways of improving passenger thermal
comfort while reducing fuel consumption. Also
included is a CD-ROM containing all the papers that
were presented at the conference. The CD-ROM has
been created using Adobe Acrobat Reader 5.0 with
Search. Acrobat Reader is a unique software
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application that allows the user the opportunity to
view, search, download, and print information
electronically generated and produced in PDF
format. It has extensive search facilities by author,
subject, key-words, etc. Topics covered include:
Heat and A/C heat and A/C Vehicle Comfort Heat
Exchanger/Manufacture Emissions Alternate Power
Trains Total Systems Cooling Systems Engines
Underhood Heat Exchangers
Thermal Management for LED Applications provides state-ofthe-art information on recent developments in thermal
management as it relates to LEDs and 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.
7.5 Case Study 4: Heat Transfer and Thermal Management
of Electric Vehicle Batteries with Phase Change Materials -7.5.1 Introduction -- 7.5.2 System Description -- 7.5.3
Analysis -- 7.5.4 Results and Discussion -- 7.5.5 Closing
Remarks -- 7.6 Case Study 5: Experimental and Theoretical
Investigation of Novel Phase Change Materials For Thermal
Applications -- 7.6.1 Introduction -- 7.6.2 System Description
-- 7.6.3 Analysis -- 7.6.4 Results and Discussion -- 7.6.5
Closing Remarks -- Nomenclature -- References -- Chapter 8
Alternative Dimensions and Future Expectations -- 8.1
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Introduction -- 8.2 Outstanding Challenges -- 8.2.1 Consumer
Perceptions -- 8.2.2 Socio-Technical Factors -- 8.2.3 SelfReinforcing Processes -- 8.3 Emerging EV Technologies and
Trends -- 8.3.1 Active Roads -- 8.3.2 V2X and Smart Grid -8.3.3 Battery Swapping -- 8.3.4 Battery Second Use -- 8.4
Future BTM Technologies -- 8.4.1 Thermoelectric Materials -8.4.2 Magnetic Cooling -- 8.4.3 Piezoelectric Fans/Dual
Cooling Jets -- 8.4.4 Other Potential BTMSs -- 8.5 Concluding
Remarks -- Nomenclature -- Study Questions/Problems -References -- Index -- EULA
Heat TransferThermal Management of ElectronicsCRC Press
Phase change material (PCM)-based composite heat sinks
have attracted great interest in recent decades, especially in
the context of thermal management of portable electronic
devices such as mobile phones, digital cameras, personal
digital assistants, and notebooks. In this monograph, a
detailed analysis of plate fin heat sinks and plate fin heat sink
matrix is presented, based on in-house experiments.
Performance benchmarks are articulated and presented for
these heat sinks. The state of the art in the development of
PCM-based heat sinks and the challenges are outlined, and
directions on future development are provided. It is our
sincere hope and trust that this book will not only be
informative but also awaken curiosity and inspire thermal
management solution seekers to delve deep into the ocean of
research in PCM-based heat sinks and discover their own
pearls and diamonds.
With this systematic examination of the factors that govern
the thermal performance of electronics, the authors solve
design problems encountered in developing and analyzing
very-high-performance and high-heat-dissipation devices, as
well as intermediate and lower-power devices. They explore a
wide range of heat transfer technologies and consider their
options when employing several different heat transfer modes
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simultaneously in a system. This important reference
provides: Data and correlation's for the analysis and design of
electronic equipment; Latest updates on thermal control
technology; Review of the fundamentals of heat transfer;
Approaches to solving real-world problems of vast complexity.
While emphasizing the physics of each subject, the book
keeps high-level mathematics to a minimum. Two chapters on
conduction and extended surfaces deal with the
fundamentals of various heat transfer modes; the other fifteen
chapters focus on specific subjects of practical importance to
the design of electronic systems. The nine appendices
provide useful material, such as property tables for solids and
sixteen types of fluids, as well as a comprehensive catalog of
topics in connective heat transfer that includes heat transfer
correlation's for various physical configurations and thermal
boundary conditions. Contents: Introduction; Conduction;
Convection; Radiation; Pool Boiling; Flow Boiling;
Condensation; Extended Surfaces; Thermal Interface
Resistance; Components and Printed Circuit Boards; Direct
Air Cooling and Fans; Natural and Mixed Convection; Heat
Exchangers and Cold Plates; Advanced Cooling
Technologies; Heat Pipes; Thermoelectric Coolers.
Appendices: Material Thermal Properties; Thermal
Conductivity of Silicon and Gallium Arsenide; Properties of
Air, Water, and Dielectric Fluids; Typical Emissivities of
Common Surfaces; Properties of Phase-Change Materials;
Friction Factor Correlation's; Heat Transfer Correlation's;
Units Conversion Table.
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