heat pipe science and technology

Heat Pipe Science and Technology: Unlocking Efficient Thermal Management

heat pipe science and technology is a fascinating field that blends physics,
engineering, and innovation to tackle one of the most common challenges in
modern technology: effective heat transfer. Whether it's cooling the
processor in your laptop, managing heat in spacecraft, or enhancing energy
efficiency in HVAC systems, heat pipes play a crucial role. But what exactly
are heat pipes, how do they work, and why are they so important in today’s
technology landscape? Let’s dive into the science and technology behind these
remarkable devices.

Understanding the Basics: What Is a Heat Pipe?

At its core, a heat pipe is a simple yet ingenious device designed to
transfer heat from one point to another with minimal temperature difference.
It’s essentially a sealed tube containing a working fluid and a wick
structure that facilitates heat movement through phase change — evaporation
and condensation.

The Science Behind Heat Pipes

The magic of heat pipes lies in the physics of phase change. When heat is
applied to one end of the pipe (called the evaporator section), the working
fluid inside absorbs this heat and evaporates, turning from liquid to vapor.
This vapor travels along the pipe to the cooler end (the condenser section),
where it releases heat and condenses back into liquid. The wick structure
then transports this liquid back to the evaporator through capillary action,
completing the cycle.

This cyclical process enables heat pipes to transfer large amounts of heat
efficiently and with very low thermal resistance. Unlike traditional solid
conductors, heat pipes leverage the latent heat of vaporization, which allows
them to move heat rapidly and over relatively long distances.

Key Components and Types of Heat Pipes

To appreciate the technology, it helps to understand the fundamental
components and various designs available.



Core Components

e Envelope: A sealed, usually metal, tube that encloses the internal
elements.

e Working Fluid: The liquid inside the pipe, chosen based on operating
temperature ranges (water, ammonia, acetone, etc.).

e Wick Structure: A porous material lining the inner wall that helps
return the condensed fluid to the evaporator.

Each component plays a critical role in ensuring the heat pipe performs as
expected, and choosing the right combination is essential for specific
applications.

Varieties of Heat Pipes

Heat pipe technology has evolved to suit different needs, resulting in
several types:

1. Conventional Heat Pipes: The classic design with a cylindrical envelope
and a wick structure.

2. Loop Heat Pipes (LHPs): Use a separate liquid and vapor line, enabling
heat transfer over longer distances and against gravity.

3. Variable Conductance Heat Pipes (VCHPs): Incorporate non-condensable
gases to regulate thermal conductivity dynamically.

4. Flat Heat Pipes: Designed with flat profiles for integration into
compact, thin devices like electronics.

Each type brings unique advantages, and engineers select them based on the
specific thermal management challenges they face.

Applications of Heat Pipe Science and
Technology

Heat pipes aren’t just theoretical constructs; they are practical solutions
that have transformed many industries.



Electronics Cooling

Modern electronic devices generate significant heat in small volumes. Heat
pipes help dissipate this heat, ensuring components like CPUs and GPUs
operate within safe temperature ranges. Their ability to spread heat evenly
prevents hotspots, which can degrade performance or damage sensitive parts.

Renewable Energy Systems

In solar thermal collectors, heat pipes efficiently transfer absorbed solar
energy to working fluids, improving overall system efficiency. Similarly, in
geothermal and waste heat recovery systems, they facilitate heat exchange
processes that would otherwise be inefficient or costly.

Aerospace and Space Exploration

In the harsh environment of space, where convection is impossible, heat pipes
are invaluable. They manage thermal loads in satellites, spacecraft, and
instruments, maintaining operational temperatures by transferring heat to
radiators.

HVAC and Building Technologies

Heat pipes are increasingly integrated into heating, ventilation, and air
conditioning systems to recover waste heat, improve energy efficiency, and
reduce operational costs. Their passive operation makes them reliable and
low-maintenance.

Advantages and Limitations of Heat Pipe
Technology

Why Heat Pipes Are So Effective

e High Thermal Conductivity: Heat pipes can transfer heat thousands of
times more effectively than solid metals.

e Passive Operation: They require no external power source, relying purely
on thermodynamics and capillary action.



e Compact and Lightweight: This makes them ideal for applications with
space and weight constraints.

e Reliability: With no moving parts, heat pipes often have long,
maintenance-free lifespans.

Challenges and Considerations

Despite their many benefits, heat pipes have some limitations:

e Temperature Range Limits: The choice of working fluid restricts
operating temperatures.

e Orientation Sensitivity: Some heat pipes depend on gravity for fluid
return, limiting installation flexibility.

e Manufacturing Complexity: High-quality sealing and wick structures
require precise manufacturing techniques.

e Cost: Advanced heat pipes like loop heat pipes can be expensive,
impacting overall system cost.

Understanding these factors is essential for engineers aiming to maximize the
benefits of heat pipe science and technology.

Recent Innovations in Heat Pipe Technology

The field of heat pipe science and technology is continually advancing.
Recent research focuses on improving materials, enhancing wick designs, and
integrating heat pipes with emerging technologies.

Nanotechnology and Advanced Materials

Scientists are experimenting with nanostructured wick materials to increase
capillary action and thermal performance. Materials like graphene and carbon
nanotubes show promise in boosting heat transfer rates and reducing thermal
resistance.



Flexible and Miniaturized Heat Pipes

With the rise of wearable electronics and flexible devices, the development
of bendable and ultra-thin heat pipes is gaining momentum. These innovations
allow thermal management in form factors that were previously impossible.

Smart Heat Pipes

Variable conductance heat pipes and those integrated with sensors enable
dynamic control of heat transfer, adapting to changing operational conditions
for optimized efficiency.

Tips for Implementing Heat Pipe Solutions

If you're considering heat pipes for your thermal management needs, here are
a few practical tips:

e Match the Working Fluid to Your Temperature Range: Selecting the right
fluid ensures optimal phase change efficiency.

e Consider Orientation and Gravity Effects: Use loop heat pipes or wick
structures that can function independently of gravity if needed.

* Design for Thermal Expansion: Account for material expansion to avoid
mechanical stress and maintain reliability.

e Integrate with Other Cooling Methods: Heat pipes often work best when
paired with fans, heat sinks, or liquid cooling for high-power
applications.

By understanding these considerations, you can harness the full potential of
heat pipe science and technology in your projects.

Exploring the depths of heat pipe science and technology reveals a blend of
elegant physics and practical engineering. As thermal challenges continue to
grow with advancing technology, heat pipes stand out as a versatile and
efficient solution, quietly making modern life cooler and more reliable.

Frequently Asked Questions



What is a heat pipe and how does it work?

A heat pipe is a heat transfer device that combines the principles of both
thermal conductivity and phase transition to efficiently transfer heat
between two solid interfaces. It contains a sealed hollow tube lined with a
wick structure and filled with a working fluid. When heat is applied to one
end, the fluid evaporates, absorbing heat, and the vapor travels to the
cooler end where it condenses, releasing heat. The condensed fluid then
returns to the hot end via capillary action in the wick, creating a
continuous heat transfer cycle.

What are the common working fluids used in heat
pipes?

Common working fluids in heat pipes include water, ammonia, acetone,
methanol, and various refrigerants. The choice of fluid depends on the
operating temperature range; for example, water is widely used for
temperatures between 30°C and 200°C due to its high latent heat and thermal
stability, while ammonia is used for lower temperature applications.

What are the main applications of heat pipe
technology?

Heat pipes are used in a variety of applications including electronics
cooling (such as CPUs and GPUs), aerospace thermal control systems, heat
exchangers, renewable energy systems like solar collectors, and HVAC systems.
Their high efficiency and passive operation make them ideal for managing heat
in compact and sensitive environments.

How does the wick structure influence the
performance of a heat pipe?

The wick structure facilitates the return of the condensed working fluid from
the condenser section back to the evaporator section via capillary action.
Its properties, such as pore size, permeability, and thickness, significantly
affect the maximum heat transport capability, operating temperature range,
and overall thermal resistance of the heat pipe. A well-designed wick
enhances fluid flow and improves heat pipe efficiency.

What are some recent advancements in heat pipe
technology?

Recent advancements include the development of ultra-thin and flexible heat
pipes for wearable electronics, integration of nanomaterials to enhance
thermal conductivity, use of additive manufacturing for complex wick
structures, and hybrid heat pipes that combine thermoelectric elements for
active cooling. Additionally, research into heat pipes for spacecraft thermal
management and high-power electronics is ongoing.



What factors 1limit the maximum heat transfer
capacity of a heat pipe?

The maximum heat transfer capacity of a heat pipe is limited by factors such
as the capillary limit (maximum fluid return rate through the wick), sonic
limit (maximum vapor velocity), viscous limit (pressure drop due to vapor
flow), entrainment limit (liquid droplets carried by vapor flow), and boiling
limit (excessive evaporation causing dry-out). Understanding these limits is
crucial for designing heat pipes for specific applications.

Additional Resources
Heat Pipe Science and Technology: An In-Depth Exploration

heat pipe science and technology stands at the intersection of thermal
management innovation and practical engineering solutions. As the demand for
efficient heat transfer systems escalates across various industries—from
electronics cooling to aerospace applications—the understanding and
development of heat pipe technology have become pivotal. This article delves
into the fundamental science, technological advancements, and practical
applications of heat pipes, offering a comprehensive analysis of their role
in modern thermal management.

The Fundamentals of Heat Pipe Science

At its core, heat pipe science and technology revolves around the highly
efficient transfer of thermal energy through a sealed system. A heat pipe is
a passive heat transfer device that leverages the phase change of a working
fluid to transport heat with remarkable effectiveness. The science behind
this process is rooted in thermodynamics and fluid mechanics.

A typical heat pipe consists of a sealed hollow tube, often made of copper or
aluminum, containing a small amount of working fluid such as water, ammonia,
or methanol. When heat is applied at one end (the evaporator), the fluid
vaporizes, absorbing latent heat. This vapor travels to the cooler end (the
condenser), where it releases the heat and condenses back into a liquid. The
condensed fluid then returns to the evaporator through capillary action
within a wick structure or by gravity, completing the cycle.

This mechanism allows heat pipes to achieve thermal conductivities several
orders of magnitude greater than solid metals, making them indispensable in
applications requiring rapid heat dissipation.



Technological Components and Design Variations

Working Fluids and Their Impact

The choice of working fluid is critical in heat pipe science and technology,
as it influences the operating temperature range, efficiency, and durability.
For instance, water is commonly used in heat pipes operating between 30°C and
200°C due to its high latent heat and non-toxicity. Ammonia is preferred for
low-temperature applications, while liquid metals like sodium and potassium
serve high-temperature environments such as spacecraft thermal control.

Wick Structures and Capillary Action

A pivotal feature enabling fluid circulation without mechanical pumps is the
wick structure lining the inner walls of the heat pipe. Various wick
designs—grooved, sintered powder, mesh, or fiber—affect the capillary action
and thus the maximum heat transport capacity. Sintered powder wicks, for
example, provide excellent capillary pumping ability and are widely used in
high-performance heat pipes.

Heat Pipe Configurations

Heat pipes come in diverse configurations tailored to specific applications:

e Flat Plate Heat Pipes: Designed for integration into electronic devices,
these heat pipes have a flattened profile to maximize surface contact
and enhance heat spreading.

e Loop Heat Pipes: Incorporate separate liquid and vapor lines, allowing
greater flexibility in orientation and longer transport distances.

e Thermosyphon Heat Pipes: Rely on gravity to return the condensate,
making them suitable for vertical applications.

These variations illustrate the adaptability of heat pipe technology to a
wide spectrum of engineering challenges.

Applications Driving Advancements 1in Heat Pipe



Technology

The practical deployment of heat pipe science and technology spans several
critical sectors, each pushing the boundaries of what heat pipes can achieve.

Electronics Cooling

As electronic devices become more powerful and compact, efficient thermal
management is crucial to maintain performance and longevity. Heat pipes are
extensively used in laptop CPUs, graphic cards, and LED lighting systems to
transfer heat away from hotspots. Their high thermal conductivity and passive
operation make them ideal for silent, reliable cooling solutions. Compared to
traditional solid heat sinks, heat pipes can reduce component temperatures by
up to 20-30%, significantly enhancing device stability.

Aerospace and Space Exploration

In aerospace, where weight and reliability are paramount, heat pipe science
and technology provide lightweight and maintenance-free thermal control.
Satellites and spacecraft employ heat pipes to regulate temperatures of
sensitive instruments, using loop heat pipes and variable conductance heat
pipes adapted to microgravity conditions. The ability to operate efficiently
over wide temperature ranges and orientations is a key advantage in this
domain.

Renewable Energy Systems

Heat pipe technology is also instrumental in solar thermal collectors and
passive cooling of photovoltaic panels. By improving heat dissipation, heat
pipes enhance the efficiency of solar energy systems and contribute to
sustainable energy solutions.

Advantages and Limitations in Practical Use

While heat pipe science and technology offer numerous benefits, understanding
their limitations is essential for optimal application.

e Advantages:

o High thermal conductivity and rapid heat transfer.



o Passive operation with no moving parts, resulting in high
reliability and low maintenance.

o Flexibility in shape and integration into complex systems.

o Ability to operate over a wide temperature range depending on
working fluid.

e Limitations:

o Performance can be orientation-dependent unless designed as loop
heat pipes.

o Maximum heat transport capacity is limited by wick structure and
working fluid properties.

o Potential for fluid leakage or degradation over prolonged use.

o Manufacturing complexity and cost may be higher compared to simple
heat sinks.

These factors require careful consideration in the design and selection of
heat pipe systems.

Emerging Trends and Future Directions

Heat pipe science and technology continue to evolve with advances in
materials science and manufacturing techniques. Nanofluid-enhanced heat
pipes, which incorporate nanoparticles in the working fluid to boost thermal
conductivity, are an area of active research. Additionally, additive
manufacturing (3D printing) offers the possibility of creating complex wick
structures and integrated heat pipe assemblies with unprecedented precision.

Integration with smart sensors and control systems is enabling adaptive
thermal management, where heat pipes work in concert with active cooling
elements to optimize performance dynamically. Such innovations could
revolutionize thermal management in data centers, electric vehicles, and
wearable electronics.

The expanding role of heat pipe technology in addressing global energy
efficiency challenges underscores its importance in both current and future
engineering landscapes. As industries demand ever more effective thermal
solutions, the science behind heat pipes remains a fertile ground for



innovation and application.

In summary, heat pipe science and technology embody a sophisticated yet
elegant approach to thermal management, blending fundamental physics with
cutting-edge engineering. Their versatility and efficiency make them
indispensable across diverse sectors, and ongoing research promises even
greater capabilities in the years ahead.

Heat Pipe Science And Technology

heat pipe science and technology: Heat Pipe Science And Technology Amir Faghri,
1995-03 Presents basic and advanced techniques in the analytical and numerical modeling of various
heat pipe systems under a variety of operating conditions and limitations. It describes the variety of
complex and coupled processes of heat and mass transfer in heat pipes. The book consists of
fourteen chapters, two appendices, and over 400 illustrations, along with numerous references and a
wide variety of technical data on heat pipes.

heat pipe science and technology: Advances in Heat Pipe Science and Technology
Tongze Ma, 1993

heat pipe science and technology: Heat Pipe Science and Technology Saburo Maezawa,
Yoshiro Miyazaki, Fumito Kaminaga, 1999

heat pipe science and technology: Heat Pipe Design and Technology Bahman Zohuri,
2016-04-28 This book provides a practical study of modern heat pipe engineering, discussing how it
can be optimized for use on a wider scale. An introduction to operational and design principles, this
book offers a review of heat and mass transfer theory relevant to performance, leading into and
exploration of the use of heat pipes, particularly in high-heat flux applications and in situations in
which there is any combination of non-uniform heat loading, limited airflow over the heat generating
components, and space or weight constraints. Key implementation challenges are tackled, including
load-balancing, materials characteristics, operating temperature ranges, thermal resistance, and
operating orientation. With its presentation of mathematical models to calculate heat transfer
limitations and temperature gradient of both high- and low-temperature heat pipes, the book
compares calculated results with the available experimental data. It also includes a series of
computer programs developed by the author to support presented data, aid design, and predict
performance.

heat pipe science and technology: Heat Pipes David Reay, Ryan McGlen, Peter Kew,
2013-10-01 Heat Pipes, Sixth Edition, takes a highly practical approach to the design and selection
of heat pipes, making it an essential guide for practicing engineers and an ideal text for
postgraduate students.This new edition has been revised to include new information on the
underlying theory of heat pipes and heat transfer, and features fully updated applications, new data
sections, and updated chapters on design and electronics cooling. The book is a useful reference for
those with experience and an accessible introduction for those approaching the topic for the first
time. - Contains all information required to design and manufacture a heat pipe - Suitable for use as
a professional reference and graduate text - Revised with greater coverage of key electronic cooling
applications

heat pipe science and technology: Heat Pipes and Solid Sorption Transformations L.L
Vasiliev, Sadik Kakag, 2013-05-08 Developing clean energy and utilizing waste energy has become
increasingly vital. Research targeting the advancement of thermally powered adsorption cooling
technologies has progressed in the past few decades, and the awareness of fuel cells and thermally
activated (heat pipe heat exchangers) adsorption systems using natural refrigerants and/or
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alternatives to hydrofluorocarbon-based refrigerants is becoming ever more important. Heat Pipes
and Solid Sorption Transformations: Fundamentals and Practical Applications concentrates on
state-of-the-art adsorption research and technologies for relevant applications based on the use of
efficient heat transfer devices—heat pipe and two-phase thermosyphons—with the objectives of
energy efficiency and sustainability. This book also discusses heat pipe thermal control as it relates
to spacecraft applications. The first few chapters of Heat Pipes and Solid Sorption Transformations:
Fundamentals and Practical Applications focus on heating and cooling, the principles of adsorption,
adsorption dynamics, and the availability of three-phase boundaries. Other chapters cover successful
heat pipe applications and heat-pipe-based thermal control of fuel cells, solid sorption transformers,
and electronic components and air-condition devices. The final chapters summarize the
achievements in the field of heat and mass transfer study in heat pipes with variable properties such
as gas loaded heat pipes. Several configurations of thermosyphons are showcased, with suggested
applications. A number of examples of equipment using the thermosyphon technology are presented
and, in the final chapter, the concept of flow boiling and flow condensation heat transfer in
micochannels is analyzed in detail.

heat pipe science and technology: Research Outlook,Innovations & Research Trends in
Science & Technology Prof S S Rajput, Prof Dr Zeliha Selamoglu, Dr Prashant P Chaudhari, Mrs
Priyanka Gupta, 2020-10-25 This book is focused predominantly on academicians, research scholars
belong to science and engineering, managers, scientists, technicians, and other professionals in the
field of qualitative research. This book is comprehended from different sources of research in
Science and Technology. On the first occasion, the task of providing researchers with a broad view
of the relationship between science and technology. The second reason for writing the book was the
need to fill a gap in academics and research. While many excellent books, documents, and article
exist for innovative practices, we have not found a work in which we can properly understand the
content that the researcher needs to understand. So, after much deliberation, we decided to collect
all quality efforts in one string. At the most basic level, this book is trying to show research scholars;
what science, technology, and innovations are all about. It cannot study or gain knowledge of that
part and is at a level that most researchers should find clear and understandable. Our goal was to
develop content that will help researchers who are beginning to use innovative practices. We hope
to meet the needs of academicians, research scholars who are being encouraged to incorporate
more reading and writing in the field of science and technology. In summary, this book is targeted to
the needs of individuals engaged in quality research activities in science and technology. Our goal is
to present the topics of creativity and innovation to this audience in a way that enables them to
incorporate new skills into their daily work. We would like to thank all the contributors who have
made the production of this book so fascinating and enjoyable. Their scholarship and dedicated
commitment and motivation to ‘getting it right’ are the keys to the book’s quality, and we greatly
appreciate their good nature over many months in the face of our editorial demands and time limits.
We are also grateful for using their texts, ideas, and critical remarks We would also like to thank
Prof Dr Nilam N Ghuge, Prof Dr D Ayub Khan Dawood, Prof Dr Vilas A Pharande, all reviewers and
all authors for their help in consolidating the interdisciplinary of the book. We are grateful to all the
18 institutions for their support. It will not be possible to bring out this edition.

heat pipe science and technology: Warmemanagement in der Elektronik Andreas Griesinger,
2019-08-14 Das Buch gibt einen Uberblick iiber das Warmemanagement elektronischer
Systeme.Neben den physikalischen Grundlagen der Warmetibertragung werden passive und aktive
Kuhlmethoden vorgestellt. Dazu gehoren Technologien auf Bauelement- und Substratebene,
thermische Interfacematerialien, Kihlkorper, Lifter und Heatpipes.Fur die Analyse von
Warmepfaden werden etablierte und neue Messverfahren beschrieben. Diese liefern
thermophysikalische Stoffwerte und thermische Kontaktwiderstande. Zahlreiche Beispiele
unterstreichen den Praxisbezug.

heat pipe science and technology: Thermosyphons and Heat Pipes: Theory and
Applications Marcia Barbosa Henriques Mantelli, 2020-12-22 This book is about theories and




applications of thermosyphons and heat pipes. It discusses the physical phenomena that drive the
working principles of thermosyphons, heat pipes and related technologies. Many applications are
discussed in this book, including: rationalizing energy use in industry, solar heating of houses,
decrease of water consumption in cooling towers, improvement of the thermal performance of
industrial and domestic ovens and driers and new devices for heating stored oil and gas in
petrochemical plants. Besides, the book also presents heat pipe and thermosyphon technologies for
the thermal management of electronic devices, from portable equipment to airplanes and satellites.
The first part of the book explores the physical working principles of thermosyphons and heat pipes,
by explaining current heat transfer and thermal resistance models. The author discusses the new
heat pipe and thermosyphon technologies that have been developed in the last decade for solving a
myriad of electronic, environment and industrial heat and thermal problems. The focus then shifts to
the thermosyphon technology applications, and the models and simulations necessary for each
application - including vehicles, domestic appliances, water conservation technologies and the
thermal control of houses and other structures. Finally, the book looks at the new technologies for
heat pipes (mini/micro) and similar devices (loop heat pipes), including new models for prediction of
the thermal performance of porous media. This book inspires engineers to adopt innovative
approaches to heat transfer problems in equipment and components by applying thermosyphon and
heat pipe technologies. It is also of interest to researchers and academics working in the heat
transfer field, and to students who wish to learn more about heat transfer devices.

heat pipe science and technology: VDI-Warmeatlas Peter Stephan, Stephan Kabelac,
Matthias Kind, Dieter Mewes, Karlheinz Schaber, Thomas Wetzel, 2019-11-14 Der VDI-Warmeatlas
ist seit mehr als einem halben Jahrhundert ein unentbehrliches Arbeitsmittel fur jeden Ingenieur,
der sich mit Fragen der Warmeiuibertragung beschaftigt. Das in der industriellen Praxis und in den
Ingenieurwissenschaften anerkannte Standardwerk ermoglicht die Auslegung von Warmeubertragen
und warmetechnischen Apparaten fiir z.B. verfahrens- und energietechnische Prozesse. Hierzu
werden Stoffdaten bereitgestellt, Konstruktionen verschiedener Warmeiubertrager vorgestellt und
Berechnungsmethoden fur den Warmetransport in vielen generischen und aus der Praxis
stammenden Konfigurationen eingehend erlautert. Die 12. Auflage wurde in allen Kapiteln an den
neuesten Stand der Technik angepasst. Neue Beitrage, z.B. zu latenten Warmespeichern, wurden
erganzt und einem umfassende fachlichen Prifverfahren unterzogen. Dem Nutzer bietet der
VDI-Warmeatlas bei seinen Berechnungsaufgaben ein Hochstmals an Sicherheit, dass Daten,
Methoden und Aussagen dem neuesten Stand des Wissens entsprechen.

heat pipe science and technology: Technische Temperaturmessung Frank Bernhard,
2013-03-11 Das Handbuch fur den praktischen Einsatz ermoglicht eine umfassende Einarbeitung in
die technische Temperaturmessung. Die physikalischen und messtechnischen Grundlagen, Sensoren
und Messverfahren, Messfehler und Kalibrierung, Kennwerte und Kennlinien der Messgerate
werden ebenso beschrieben und kommentiert wie anwendungsspezifische Probleme,
Fehlermoglichkeiten und Einflussfaktoren. Das Buch geht auf die internationale Temperaturskala
ITS-90 und die entsprechend genormten Standardkennlinien fiir Thermoelemente und
Widerstandsthermometer der IEC ein. Der Herausgeber und zwolf namhafte Autoren fihren hier
Kenntnisse uber die Temperaturmessung zu einem bislang einmaligen Handbuch zusammen, die
rechnerische, modellgestutzte Abschatzung von sensorbezogenen und anwendungsbedingten
Messfehlern und ihrer Korrektur.

heat pipe science and technology: Recent Advances in Heat Pipes Wael I.A. Aly, 2019-09-18
Heat pipes are considered as an effective thermal solution, particularly in high heat flux applications
and in situations where there is a combination of nonuniform heat loading, limited airflow over the
heat-generating components, and space or weight constraints. This book is intended to explore some
of the recent advances in heat pipes and their applications in thermal systems. The first chapter is
an introductory chapter about the recent advances in heat pipes in general. The second chapter is
about thermosyphon heat pipe technology; working principles, advantages, and disadvantages;
application ranges; and using computational fluid dynamics in modeling thermosyphons. The third




chapter is about recent research into loop heat pipes (LHPs). The last chapter presents a novel
liquid-vapor separator-incorporated gravitational LHP.

heat pipe science and technology: The Engineering Handbook Richard C Dorf, 2018-10-03
First published in 1995, The Engineering Handbook quickly became the definitive engineering
reference. Although it remains a bestseller, the many advances realized in traditional engineering
fields along with the emergence and rapid growth of fields such as biomedical engineering,
computer engineering, and nanotechnology mean that the time has come to bring this
standard-setting reference up to date. New in the Second Edition 19 completely new chapters
addressing important topics in bioinstrumentation, control systems, nanotechnology, image and
signal processing, electronics, environmental systems, structural systems 131 chapters fully revised
and updated Expanded lists of engineering associations and societies The Engineering Handbook,
Second Edition is designed to enlighten experts in areas outside their own specialties, to refresh the
knowledge of mature practitioners, and to educate engineering novices. Whether you work in
industry, government, or academia, this is simply the best, most useful engineering reference you
can have in your personal, office, or institutional library.

heat pipe science and technology: Heat Pipe Applications in Fission Driven Nuclear
Power Plants Bahman Zohuri, 2019-02-14 This book presents a new and innovative approach for
the use of heat pipes and their application in a number of industrial scenarios, including space and
nuclear power plants. The book opens by describing the heat pipe and its concept, including sizing,
composition and binding energies. It contains mathematical models of high and low temperature
pipes along with extensive design and manufacturing models, characteristics and testing programs.
A detailed design and safety analysis concludes the book, emphasizing the importance of heat pipe
implementation within the main cooling system and within the core of the reactor, making this book
a useful resource for students, engineers, and researchers.

heat pipe science and technology: VDI-Warmeatlas VDI-Gesellschaft Verfahrenstechnik und
Chemieingenieurwesen(GVC), 2019-06-12 Der VDI-Warmeatlas enthalt alle wichtigen
Berechnungsmethoden fur die thermische Auslegung von Apparaten und Anlagen. Es werden jeweils
nur die von Experten gepruften und als derzeit besten empfohlenen Gleichungen zur Berechnung
ausgegeben. Beispiele erleichtern dem Nutzer die Anwendung. Nur wer die aktuelle Ausgabe des
VDI-Warmeatlas besitzt, kann wirklich konkurrenzfahig anbieten!

heat pipe science and technology: CRC Handbook of Thermal Engineering Raj P. Chhabra,
2017-11-08 The CRC Handbook of Thermal Engineering, Second Edition, is a fully updated version
of this respected reference work, with chapters written by leading experts. Its first part covers basic
concepts, equations and principles of thermodynamics, heat transfer, and fluid dynamics. Following
that is detailed coverage of major application areas, such as bioengineering, energy-efficient
building systems, traditional and renewable energy sources, food processing, and aerospace heat
transfer topics. The latest numerical and computational tools, microscale and nanoscale engineering,
and new complex-structured materials are also presented. Designed for easy reference, this new
edition is a must-have volume for engineers and researchers around the globe.

heat pipe science and technology: Kiihlkonzepte fiir Hochtemperatur-
Polymerelektrolyt-Brennstoffzellen-Stacks Jen Supra, 2014-03-27

heat pipe science and technology: VDI-Warmeatlas Verein Deutscher Ingenieure,
VDI-Gesellschaft Verf, 2013-12-11 Der VDI-Warmeatlas ist ein unentbehrliches Arbeitsmittel fiir den
Ingenieur, der sich mit Fragen zur Warme- und Stoffubertragung beschaftigt. Das Werk ermoglicht
die technisch wie wirtschaftlich optimale Auslegung verfahrenstechnischer Apparate und Anlagen.
Da alle Beitrage einem umfassenden fachlichen Prufverfahren unterzogen wurden, erhalt der Nutzer
ein Hochstmal$ an Sicherheit, dass die Daten, Berechnungsverfahren und Aussagen dem neuesten
Stand des Wissens entsprechen. Auf Grund jungster Entwicklungen und mit Blick auf erkennbare
Trends wurde die 9. Auflage zum Teil neu strukturiert. Sie zeichnet sich gegenuiber der Vorauflage
dadurch aus, dass sie neben zahlreichen Aktualisierungen und Erganzungen auch viele vollig neu
geschriebene Beitrage enthalt (v.a. in Teil L: Druckverlustberechnung). Um wie bisher allen



Interessenten gerecht zu werden, gibt es den Warmeatlas weiterhin in Buchform, als Ringbuch und
CD-ROM.

heat pipe science and technology: Refrigeration Systems and Applications Ibrahim
Dinéer, 2017-03-22 The definitive text/reference for students, researchers and practicing engineers
This book provides comprehensive coverage on refrigeration systems and applications, ranging from
the fundamental principles of thermodynamics to food cooling applications for a wide range of
sectoral utilizations. Energy and exergy analyses as well as performance assessments through
energy and exergy efficiencies and energetic and exergetic coefficients of performance are explored,
and numerous analysis techniques, models, correlations and procedures are introduced with
examples and case studies. There are specific sections allocated to environmental impact
assessment and sustainable development studies. Also featured are discussions of important recent
developments in the field, including those stemming from the author’s pioneering research.
Refrigeration is a uniquely positioned multi-disciplinary field encompassing mechanical, chemical,
industrial and food engineering, as well as chemistry. Its wide-ranging applications mean that the
industry plays a key role in national and international economies. And it continues to be an area of
active research, much of it focusing on making the technology as environmentally friendly and
sustainable as possible without compromising cost efficiency and effectiveness. This substantially
updated and revised edition of the classic text/reference now features two new chapters devoted to
renewable-energy-based integrated refrigeration systems and environmental impact/sustainability
assessment. All examples and chapter-end problems have been updated as have conversion factors
and the thermophysical properties of an array of materials. Provides a solid foundation in the
fundamental principles and the practical applications of refrigeration technologies Examines
fundamental aspects of thermodynamics, refrigerants, as well as energy and exergy analyses and
energy and exergy based performance assessment criteria and approaches Introduces
environmental impact assessment methods and sustainability evaluation of refrigeration systems and
applications Covers basic and advanced (and hence integrated) refrigeration cycles and systems, as
well as a range of novel applications Discusses crucial industrial, technical and operational
problems, as well as new performance improvement techniques and tools for better design and
analysis Features clear explanations, numerous chapter-end problems and worked-out examples
Refrigeration Systems and Applications, Third Edition is an indispensable working resource for
researchers and practitioners in the areas of Refrigeration and Air Conditioning. It is also an ideal
textbook for graduate and senior undergraduate students in mechanical, chemical, biochemical,
industrial and food engineering disciplines.

heat pipe science and technology: Spacecraft Systems Engineering Peter Fortescue,
Graham Swinerd, John Stark, 2011-08-24 This fourth edition of the bestselling Spacecraft Systems
Engineering title provides the reader with comprehensive coverage of the design of spacecraft and
the implementation of space missions, across a wide spectrum of space applications and space
science. The text has been thoroughly revised and updated, with each chapter authored by a
recognized expert in the field. Three chapters - Ground Segment, Product Assurance and Spacecraft
System Engineering - have been rewritten, and the topic of Assembly, Integration and Verification
has been introduced as a new chapter, filling a gap in previous editions. This edition addresses
‘front-end system-level issues’ such as environment, mission analysis and system engineering, but
also progresses to a detailed examination of subsystem elements which represents the core of
spacecraft design. This includes mechanical, electrical and thermal aspects, as well as propulsion
and control. This quantitative treatment is supplemented by an emphasis on the interactions
between elements, which deeply influences the process of spacecraft design. Adopted on courses
worldwide, Spacecraft Systems Engineering is already widely respected by students, researchers
and practising engineers in the space engineering sector. It provides a valuable resource for
practitioners in a wide spectrum of disciplines, including system and subsystem engineers,
spacecraft equipment designers, spacecraft operators, space scientists and those involved in related
sectors such as space insurance. In summary, this is an outstanding resource for aerospace



engineering students, and all those involved in the technical aspects of design and engineering in
the space sector.
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