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"This comprehensive reference covers all the important aspects of heat exchangers (HEs)--their design and modes of
operation--and practical, large-scale applications in process, power, petroleum, transport, air conditioning, refrigeration,
cryogenics, heat recovery, energy, and other industries. Reflecting the author's extensive practical experienc
Completely revised and updated to reflect current advances in heat exchanger technology, Heat Exchanger Design Handbook,
Second Edition includes enhanced figures and thermal effectiveness charts, tables, new chapter, and additional topics––all while
keeping the qualities that made the first edition a centerpiece of information for practicing engineers, research, engineers,
academicians, designers, and manufacturers involved in heat exchange between two or more fluids. See What’s New in the
Second Edition: Updated information on pressure vessel codes, manufacturer’s association standards A new chapter on heat
exchanger installation, operation, and maintenance practices Classification chapter now includes coverage of scrapped surface-,
graphite-, coil wound-, microscale-, and printed circuit heat exchangers Thorough revision of fabrication of shell and tube heat
exchangers, heat transfer augmentation methods, fouling control concepts and inclusion of recent advances in PHEs New topics
like EMbaffle®, Helixchanger®, and Twistedtube® heat exchanger, feedwater heater, steam surface condenser, rotary
regenerators for HVAC applications, CAB brazing and cupro-braze radiators Without proper heat exchanger design, efficiency of
cooling/heating system of plants and machineries, industrial processes and energy system can be compromised, and energy
wasted. This thoroughly revised handbook offers comprehensive coverage of single-phase heat exchangers—selection, thermal
design, mechanical design, corrosion and fouling, FIV, material selection and their fabrication issues, fabrication of heat
exchangers, operation, and maintenance of heat exchangers —all in one volume.
Accurate prediction of turbulent flows remains a challenging task despite considerable work in this area and the acceptance of
CFD as a design tool. The quality of the CFD calculations of the flows in engineering applications strongly depends on the proper
prediction of turbulence phenomena. Investigations of flow instability, heat transfer, skin friction, secondary flows, flow separation,
and reattachment effects demand a reliable modelling and simulation of the turbulence, reliable methods, accurate programming,
and robust working practices. The current scientific status of simulation of turbulent flows as well as some advances in
computational techniques and practical applications of turbulence research is reviewed and considered in the book.
This book presents selected and peer-reviewed proceedings of the International Conference on Thermofluids (KIIT Thermo 2020).
It focuses on the latest studies and findings in the areas of fluid dynamics, heat transfer, thermodynamics, and combustion. Some
of the topics covered in the book include electronic cooling, HVAC system analysis, inverse heat transfer, combustion, nano-fluids,
multiphase flow, high-speed flow, and shock waves. The book includes both experimental and numerical studies along with a few
review chapters from experienced researchers, and is expected to lead to new research in this important area. This book is of
interest to students, researchers as well as practitioners working in the areas of fluid dynamics, thermodynamics, and combustion.
Introduction to nanofluids--their properties, synthesis, characterization, and applications Nanofluids are attracting a great deal of
interest with their enormous potential to provide enhanced performance properties, particularly with respect to heat transfer. In
response, this text takes you on a complete journey into the science and technology of nanofluids. The authors cover both the
chemical and physical methods for synthesizing nanofluids, explaining the techniques for creating a stable suspension of
nanoparticles. You get an overview of the existing models and experimental techniques used in studying nanofluids, alongside
discussions of the challenges and problems associated with some of these models. Next, the authors set forth and explain the
heat transfer applications of nanofluids, including microelectronics, fuel cells, and hybrid-powered engines. You also get an
introduction to possible future applications in large-scale cooling and biomedicine. This book is the work of leading pioneers in the
field, one of whom holds the first U.S. patent for nanofluids. They have combined their own first-hand knowledge with a thorough
review of theliterature. Among the key topics are: * Synthesis of nanofluids, including dispersion techniques and characterization
methods * Thermal conductivity and thermo-physical properties * Theoretical models and experimental techniques * Heat transfer
applications in microelectronics, fuel cells, and vehicle engines This text is written for researchers in any branch of science and
technology, without any prerequisite.It therefore includes some basic information describing conduction, convection, and boiling of
nanofluids for those readers who may not have adequate background in these areas. Regardless of your background, you'll learn
to develop nanofluids not only as coolants, but also for a host ofnew applications on the horizon.
A direct solution of the heat conduction equation with prescribed initial and boundary conditions yields temperature distribution
inside a specimen. The direct solution is mathematically considered as a well-posed one because the solution exists, is unique,
and continuously depends on input data. The estimation of unknown parameters from the measured temperature data is known as
the inverse problem of heat conduction. An error in temperature measurement, thermal time lagging, thermocouple-cavity, or
signal noise data makes stability a problem in the estimation of unknown parameters. The solution of the inverse problem can be
obtained by employing the gradient or non-gradient based inverse algorithm. The aim of this book is to analyze the inverse
problem and heat exchanger applications in the fields of aerospace, mechanical, applied mechanics, environment sciences, and
engineering.
Diesel engine generators are the major power source for small communities in cold regions. Diesel generators waste about 1/3 of
their fuel energy in the form of heat through exhaust gas. The primary goal of this work is to capture part of the heat from the
exhaust and improve the efficiency of the system. A gas to liquid heat transfer performance of a concentric tube heat exchanger
with corrugated tubes and twisted tape inserts is investigated by considering its effects on engine performance and economics.
This type of heat exchanger is expected to be inexpensive to install and effective in heat transfer, with minimal effect on exhaust
emissions of diesel engines. Most previous research has investigated liquid to liquid heat transfer in corrugated tubes at low
Reynolds, not gas to liquid heat transfer. The SolidWorks Flow Simulation computer program was used to perform these studies.
The program is first validated by comparing simulation results with renowned correlations and field measurements. Simulations are
then conducted for a concentric tube heat exchanger with corrugated tubes and twisted tapes of different configurations to
determine the optimal design. The maximum enhancement in the rate of heat transfer was found in an annularly corrugated tube
heat exchanger with twisted tape inserts. This exchanger transfers about 235.3% and 67.26 % more heat compared to plain tube
and annularly corrugated tube heat exchangers without twisted tapes, respectively. Based on optimal results, for a 120 kWe diesel
generator, the application of an annularly corrugated tube heat exchanger with twisted tape inserts can save 2,250 gallons of fuel
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annually (a cost of approximately $11,330) expected payback of initial cost in one month. In addition, saving heating fuel also
reduces CO2 emissions by 23 metric tons per year.
This book presents the selected peer-reviewed proceedings of the International Conference on Innovative Engineering Design (ICOIED
2020). The contents provide a multidisciplinary approach for the development of innovative product design and their benefits for the society.
The book presents latest advances in various fields like design process, service development, micro/nano technology, sensors and MEMS,
and sustainability in engineering design. This book can be useful for students, researchers, and professionals interested in innovative
product/process design and development.
Numerical Prediction of Flow, Heat Transfer, Turbulence and Combustion: Selected Works of Professor D. Brian Spalding focuses on the
many contributions of Professor Spalding on thermodynamics. This compilation of his works is done to honor the professor on the occasion of
his 60th birthday. Relatively, the works contained in this book are selected to highlight the genius of Professor Spalding in this field of interest.
The book presents various research on combustion, heat transfer, turbulence, and flows. His thinking on separated flows paved the way for
the multi-dimensional modeling of turbulence. Arguments on the universality of the models of turbulence and the problems that are
associated with combustion engineering are clarified. The text notes the importance of combustion science as well as the problems
associated with it. Mathematical computations are also presented in determining turbulent flows in different environments, including on curved
pipes, curved ducts, and rotating ducts. These calculations are presented to further strengthen the claims of Professor Spalding in this
discipline. The book is a great find for those who are interested in studying thermodynamics.
With production from unconventional rigs continuing to escalate and refineries grappling with the challenges of shale and heavier oil
feedstocks, petroleum engineers and refinery managers must ensure that equipment used with today’s crude oil is protected from fouling
deposits Crude Oil Fouling addresses this overarching challenge for the petroleum community with clear explanations on what causes
fouling, current models and new approaches to evaluate and study the formation of deposits, and how today’s models could be applied from
lab experiment to onsite field usability for not just the refinery, but for the rig, platform, or pipeline. Crude Oil Fouling is a must-have reference
for every petroleum engineer’s library that gives the basic framework needed to analyze, model, and integrate the best fouling strategies and
operations for crude oil systems. Defines the most critical variables and events that cause fouling Explains the consequences of fouling and
its impact on operations, safety, and economics Provides the technical models available to better predict and eliminate the potential for
fouling in any crude system
Heat exchangers are widely used in the industrial sector, e.g. in the refrigeration, air conditioning, petrochemical, and agricultural food
industry. The high cost of energy and material has resulted in an increased effort aimed at producing high performance heat exchanger
equipment. Passive methods of heat transfer enhancement do not need external power for enhancement. One of these kinds of passive
technique is twisted tape inserts that enhance the performance of heat exchangers. Using multiple twisted tape inserts gives better
enhancement than a single twisted tape insert. Using nanofluid gives also better thermal performance than water. Therefore, nanofluid along
with twisted tape inserts was used in this study. For this study, different combinations of multiple twisted tape inserts were designed and
fabricated. These different combinations contain dual, triple, and quadruple twisted tapes. Directions of twists are also varied which enables
to study the effect of different swirl flow generators. Nanofluid is used with various volume concentrations of 0.07%, 0.14% and 0.21% in
order to investigate the effect of nanoparticle concentration on heat transfer enhancement. Experimental investigation was carried out by
having a constant heat flux condition and by varying the volume flow rate of flow from 2 to 10 lpm.
This volume constitutes the refereed proceedings of the Third International Conference on Computational Intelligence, Security and Internet
of Things, ICCISIoT 2020, held in Agartala, India, in December 2020. Due to the COVID-19 pandemic the conference was held online. The
23 full papers and 4 short papers were carefully reviewed and selected from 113 submissions. The papers are organised according to the
following topics: computational intelligence, security, and internet of things. .
Indeed, today "second generation" enhancement concepts are routing in the automotive and refrigeration industries to obtain lower cost,
smaller heat exchanger size, and higher energy efficiency in system operation. And the aerospace, process, and power generation industries
are not far behind.
This Brief addresses the phenomena of heat transfer enhancement. A companion edition in the SpringerBrief Subseries on Thermal
Engineering and Applied Science to three other monographs including “Critical Heat Flux in Flow Boiling in Microchannels,” this volume is
idea for professionals, researchers, and graduate students concerned with electronic cooling.
Issues in Mechanical Engineering / 2013 Edition is a ScholarlyEditions™ book that delivers timely, authoritative, and comprehensive
information about Additional Research. The editors have built Issues in Mechanical Engineering: 2013 Edition on the vast information
databases of ScholarlyNews.™ You can expect the information about Additional Research in this book to be deeper than what you can access
anywhere else, as well as consistently reliable, authoritative, informed, and relevant. The content of Issues in Mechanical Engineering: 2013
Edition has been produced by the world’s leading scientists, engineers, analysts, research institutions, and companies. All of the content is
from peer-reviewed sources, and all of it is written, assembled, and edited by the editors at ScholarlyEditions™ and available exclusively from
us. You now have a source you can cite with authority, confidence, and credibility. More information is available at
http://www.ScholarlyEditions.com/.
This book presents selected peer-reviewed papers from the International Conference on Mechanical and Energy Technologies, which was
held on 7–8 November 2019 at Galgotias College of Engineering and Technology, Greater Noida, India. The book reports on the latest
developments in the field of mechanical and energy technology in contributions prepared by experts from academia and industry. The broad
range of topics covered includes aerodynamics and fluid mechanics, artificial intelligence, nonmaterial and nonmanufacturing technologies,
rapid manufacturing technologies and prototyping, remanufacturing, renewable energies technologies, metrology and computer-aided
inspection, etc. Accordingly, the book offers a valuable resource for researchers in various fields, especially mechanical and industrial
engineering, and energy technologies.
This book presents the select proceedings of the 3rd International Conference on Computational and Experimental Methods in Mechanical
Engineering (ICCEMME 2020). The book discusses the recent researches and concrete findings in the field of mechanical design and
automation with its allied branches. Various topics covered in this book include modeling and simulation, application of modelling to complex
real-world systems, application of machine or deep learning in mechanical problems, artificial intelligence, vehicle design, robotics, vehicle
dynamics and control, biomechanics, and vibration-related problems. Given its content, the book will be useful for beginners, researchers,
and professionals interested in the field of mechanical engineering. .
Advances in Heat Transfer
In his MIT Doctoral thesis on an inverted Hydride-fueled reactor concept, Paolo Ferroni (2010) suggested using short-length twisted tape
inserts in order to increase the critical heat flux (CHF) at which departure from nucleate boiling occurs. Shortlength twisted tapes were
proposed in his study because they offer the benefits of increased heat transfer and CHF, but also introduce a smaller pressure drop than a
full-length twisted tape insert. This thesis project investigated the effects of short-length twisted tape inserts on the pressure drop in round
tubes. The objectives of the project were two-fold. The first objective was to characterize the development of swirl flow in sequential twisted
tapes. The second objective was to create a correlation for the Darcy's friction factor as a function of the Reynolds number (Re), tape twist
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ratio (y), and tape spacing (s) which could be used for both Ferroni's work and other future work. To characterize developing flow, 6 test
sections were constructed. Measurements were collected for the pressure drop at several sequential twisted tapes, and the resulting friction
factors were compared for each tape module. The results showed at most ±10% difference in friction factor between tapes and no significant
trends between friction factor and the axial sequence location (or index) of the tape. To develop a correlation, 21 test sections were
constructed by P. Ferroni and the author. Pressure drop measurements were collected for conditions spanning 10000
This book includes selected, high-quality papers presented at the International Conference on Intelligent Manufacturing and Energy
Sustainability (ICIMES 2019) held at the Department of Mechanical Engineering, Malla Reddy College of Engineering & Technology
(MRCET), Maisammaguda, Hyderabad, India, from 21 to 22 June 2019. It covers topics in the areas of automation, manufacturing technology
and energy sustainability.
This book presents a new technique to enhance heat transfer coefficient of double pipe heat exchanger. Heat transfer enhancement is the
practice of modifying a heat transfer surface to increase the heat transfer coefficient between the surface and fluid. An experimental
investigation has been conducted to evaluate the heat transfer performance of double pipe heat exchanger. Experiments were carried out
under two condition of full-length and half-length twisted tape inserts in double pipe heat exchanger and result are compared with the smooth
double pipe heat exchanger. By inserting twisted tape inside the tube, they act as turbulence promoter. It mixes the boundary fluid with bulk
fluid and boundary layer thickness is reduced by imparting a rotational motion to a fluid flowing inside the tube of double pipe heat
exchanger.The effect of the full-length and half-length twisted tape on the heat transfer coefficient and pressure drop is experimentally
investigated in case of different mass flow rate. The performance evaluation of the smooth tube, and tube with full length and half-length
tapes were carried out on the basis of equal mass flow rates and unit pressure drop.
Nanofluids are gaining the attention of scientists and researchers around the world. This new category of heat transfer medium improves the
thermal conductivity of fluid by suspending small solid particles within it and offers the possibility of increased heat transfer in a variety of
applications. Bringing together expert contributions from across the globe, Heat Transfer Enhancement with Nanofluids presents a complete
understanding of the application of nanofluids in a range of fields and explains the main techniques used in the analysis of nanofuids flow and
heat transfer. Providing a rigorous framework to help readers develop devices employing nanofluids, the book addresses basic topics that
include the analysis and measurements of thermophysical properties, convection, and heat exchanger performance. It explores the issues of
convective instabilities, nanofluids in porous media, and entropy generation in nanofluids. The book also contains the latest advancements,
innovations, methodologies, and research on the subject. Presented in 16 chapters, the text: Discusses the possible mechanisms of thermal
conduction enhancement Reviews the results of a theoretical analysis determining the anomalous enhancement of heat transfer in nanofluid
flow Assesses different approaches modeling the thermal conductivity enhancement of nanofluids Focuses on experimental methodologies
used to determine the thermophysical properties of nanofluids Analyzes forced convection heat transfer in nanofluids in both laminar and
turbulent convection Highlights the application of nanofluids in heat exchangers and microchannels Discusses the utilization of nanofluids in
porous media Introduces the boiling of nanofluids Treats pool and flow boiling by analyzing the effect of nanoparticles on these complex
phenomena Indicates future research directions to further develop this area of knowledge, and more Intended as a reference for researchers
and engineers working in the field, Heat Transfer Enhancement with Nanofluids presents advanced topics that detail the strengths,
weaknesses, and potential future developments in nanofluids heat transfer.
Heat transfer enhancement techniques are widely used in many applications in the heating process to make possible reduction in weight and
size or enhance the performance of heat exchanges. These techniques are classified as active and passive techniques. The active technique
requires external power while the passive technique does not need any external power. The passive techniques are valuable compared with
the active techniques because the swirl inserts manufacturing process is simple and can be easily employed in an existing heat exchange.
This book shows how the finite volume method is used to simulate various applications of heat exchanges. First, the heat transfer
enhancement methods are introduced in detail. Following this, hydrothermal analysis and second law approaches are presented for heat
exchanges. The melting process in heat exchanges is also covered. Finally, the influence of variable magnetic field on performance of heat
exchange is discussed. This is an important reference source for materials scientists and mechanical engineers who are looking to
understand the main ways that nanofluid flow is simulated, and what the major application are.
"Fluid Machinery and Fluid Mechanics: 4th International Symposium (4th ISFMFE)" is the proceedings of 4th International Symposium on
Fluid Machinery and Fluid Engineering, held in Beijing November 24-27, 2008. It contains 69 highly informative technical papers presented at
the Mei Lecture session and the technical sessions of the symposium. The Chinese Society of Engineering Thermophysics (CSET) organized
the First, the Second and the Third International Symposium on Fluid Machinery and Fluid Engineering (1996, 2000 and 2004). The purpose
of the 4th Symposium is to provide a common forum for exchange of scientific and technical information worldwide on fluid machinery and
fluid engineering for scientists and engineers. The main subject of this symposium is "Fluid Machinery for Energy Conservation". The "Mei
Lecture" reports on the most recent developments of fluid machinery in commemoration of the late professor Mei Zuyan. The book is
intended for researchers and engineers in fluid machinery and fluid engineering. Jianzhong Xu is a professor at the Chinese Society of
Engineering Thermophysics, Chinese Academy of Sciences, Beijing.
Provides a comprehensive coverage of the basic phenomena. It contains twenty-five chapters which cover different aspects of boiling and
condensation. First the specific topic or phenomenon is described, followed by a brief survey of previous work, a phenomenological model
based on current understanding, and finally a set of recommended design equa
This book presents select peer reviewed proceedings of the International Conference on Applied Mechanical Engineering Research
(ICAMER 2019). The books examines various areas of mechanical engineering namely design, thermal, materials, manufacturing and
industrial engineering covering topics like FEA, optimization, vibrations, condition monitoring, tribology, CFD, IC engines, turbo-machines,
automobiles, manufacturing processes, machining, CAM, additive manufacturing, modelling and simulation of manufacturing processing,
optimization of manufacturing processing, supply chain management, and operations management. In addition, recent studies on composite
materials, materials characterization, fracture and fatigue, advanced materials, energy storage, green building, phase change materials and
structural change monitoring are also covered. Given the contents, this book will be useful for students, researchers and professionals
working in mechanical engineering and allied fields.
This Brief describes heat transfer and pressure drop in heat transfer enhancement by insert devices and integral roughness. The authors deal
with twisted-tape insert laminar and turbulent flow in tubes and annuli in smooth tubes and rough tubes, segmented twisted-tape inserts,
displaced enhancement devices, wire coil inserts, extended surface inserts and tangential injection devices. The articles also address
transverse and helical integral rib roughness, corrugated tube roughness, 3D and 2D roughness, rod bundles, outside roughness for cross
flow, non-circular channels, Reynolds analogy and similarity law, numerical simulation and predictive models. The book is ideal for
professionals and researchers working with thermal management in devices.
This book comprises select proceedings of the International Conference on Design, Materials, Cryogenics and Constructions (ICDMC 2019).
The chapters cover latest research in different areas of mechanical engineering such as additive manufacturing, automation in industry and
agriculture, combustion and emission control, CFD, finite element analysis, and engineering design. The book also focuses on cryogenic
systems and low-temperature materials for cost-effective and energy-efficient solutions to current challenges in the manufacturing sector.
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Given its contents, the book can be useful for students, academics, and practitioners.

This project report deals with the use of modified twisted tape inserts as Passive Heat transfer augmentation device.
Effect of Reduced width twisted tape (RWTT), Baffled Reduced width twisted tape (BRWTT1) & Baffled Reduced width
twisted tape with holes (BRWTT2) on heat transfer and friction factor for heating of water for Reynolds number range
2500-30000, was studied experimentally in a double pipe heat exchanger. Three tapes of different twist ratio (yw=3.69,
yw=4.39, yw=5.25) for RWTT, BRWTT1 & BRWTT2 were used. Based on constant flow rate, the heat transfer coefficient
were found to be 1.18-3.66, 2.61-7.07 & 3.58-8.08 times the smooth tube values for RWTT, BRWTT1 & BRWTT2
respectively. The friction factor values were found to be 3.23-5.96, 7.79-11.23 & 8.86-14.44 times the smooth tube values
for RWTT, BRWTT1 & BRWTT2 respectively. Based on constant pumping power, the heat transfer coefficient values
were found to be 0.88-1.62, 1.59-3.70 & 2.12-4.49 times the smooth tube values for RWTT, BRWTT1 & BRWTT2
respectively. Based on the increase in Heat transfer coefficient, Performance evaluation criteria R1 & R3, it was
concluded that Baffled Reduced width twisted tape & Baffled Reduced width twisted tape with holes performs much
better than the Reduced width twisted tapes(RWTT) of the same twist ratio.
The book focuses on new analytical, experimental, and computational developments in the field of research of heat and
mass transfer phenomena. The generation, conversion, use, and exchange of thermal energy between physical systems
are considered. Various mechanisms of heat transfer such as thermal conduction, thermal convection, thermal radiation,
and transfer of energy by phase changes are presented. Theory and fundamental research in heat and mass transfer,
numerical simulations and algorithms, experimental techniques, and measurements as they applied to all kinds of applied
and emerging problems are covered.
The present book is based on the research papers presented in the International Conference on Emerging Trends in
Science, Engineering and Technology 2012, held at Tiruchirapalli, India. The papers presented bridges the gap between
science, engineering and technology. This book covers a variety of topics, including mechanical, production,
aeronautical, material science, energy, civil and environmental energy, scientific management, etc. The prime objective
of the book is to fully integrate the scientific contributions from academicians, industrialists and research scholars.
This Brief concerns heat transfer and pressure drop in heat transfer enhancement for boiling and condensation. The
authors divide their topic into six areas: abrasive treatment and coatings, combined structured and porous surfaces, basic
principles of boiling mechanism, vapor space condensation, convective vaporization, and forced condensation inside
tubes. Within this framework, the book examines range of specific phenomena including abrasive treatment, open
grooves, 3D cavities, etched surfaces, electroplating, pierced 3D cover sheets, attached wire and screen promoters, nonwetting coatings, oxide and ceramic coatings, porous surfaces, structured surfaces (integral roughness), combined
structured and porous surfaces, composite surfaces, single-tube pool boiling tests, theoretical fundamentals like liquid
superheat, effect of cavity shape and contact angle on superheat, entrapment of vapor in cavities, nucleation at a surface
cavity, effect of dissolved gases, bubble departure diameter, bubble dynamics, boiling hysteresis and orientation effects,
basic principles of boiling mechanism, visualization and mechanism of boiling in subsurface tunnels, and Chien and
Webb parametric boiling studies.
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