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Fundamentals and Operations in Food Process Engineering deals with the basic engineering
principles and transport processes applied to food processing, followed by specific unit
operations with a large number of worked-out examples and problems for practice in each
chapter. The book is divided into four sections: fundamentals in food process engineering,
mechanical operations in food processing, thermal operations in food processing and mass
transfer operations in food processing. The book is designed for students pursuing courses on
food science and food technology, including a broader section of scientific personnel in the
food processing and related industries.
The purpose of this book, Transport Phenomena and Drying of Solids and Particulate
Materials, is to provide a collection of recent contributions in the field of heat and mass
transfer, transport phenomena, drying and wetting of solids and particulate materials. The main
benefit of the book is that it discusses some of the most important topics related to the heat
and mass transfer in solids and particulate materials. It includes a set of new developments in
the field of basic and applied research work on the physical and chemical aspects of heat and
mass transfer phenomena, drying and wetting processes, namely, innovations and trends in
drying science and technology, drying mechanism and theory, equipment, advanced
modelling, complex simulation and experimentation. At the same time, these topics will be
going to the encounter of a variety of scientific and engineering disciplines. The book is divided
in several chapters that intend to be a resume of the current state of knowledge for benefit of
professional colleagues.
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In the design, processing, and applications of composite materials, a thorough understanding
of the physical properties is required. It is important to be able to predict the variations of these
properties with the kind, shape, and concentration of filler materials. The currently available
books on composite materials often emphasize mechanical properties and focus on
classification, applications, and manufacturing. This limited coverage neglects areas that are
important to new and emerging applications. For the first time in a single source, this volume
provides a systematic, comprehensive, and up-to-date exploration of the electromagnetic
(electrical, dielectric, and magnetic), mechanical, thermal, and mass-transport properties of
composite materials. The author begins with a brief discussion of the relevance of these
properties for designing new materials to meet specific practical requirements. The book is
then organized into five parts examining: The electromagnetic properties of composite
materials subjected to time-invariant electric and magnetic fields The dynamic electromagnetic
properties of composite materials subjected to time-varying electric and magnetic fields The
mechanical elastic and viscoelastic properties of composites Heat transfer in composites and
thermal properties (thermal conductivity, thermal diffusivity, coefficient of thermal expansion,
and thermal emissivity) Mass transfer in composite membranes and composite materials
Throughout the book, the analogy between various properties is emphasized. Electromagnetic,
Mechanical, and Transport Properties of Composite Materials provides both an introduction to
the subject for newcomers and sufficient in-depth coverage for those involved in research.
Scientists, engineers, and students from a broad range of fields will find this book a
comprehensive source of information.
In order to successfully produce food products with maximum quality, each stage of processing
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must be well designed. Unit Operations in Food Engineering systematically presents the basic
information necessary to design food processes and the equipment needed to carry them out.
It covers the most common food engineering unit operations in detail, including guidance for
carrying out specific design calculations. Initial chapters present transport phenomena basics
for momentum, mass, and energy transfer in different unit operations. Later chapters present
detailed unit operation descriptions based on fluid transport and heat and mass transfer. Every
chapter concludes with a series of solved problems as examples of applied theory.
Introduction - Conduction - Convection - Radiation - Heat Exchange Equipments - Evaporation
- Diffusion - Distillation - Gas Absorption - Liquid Liquid Extraction - Crystallisation - Drying Appendix I Try yourself - Appendix II Thermal conductivity data - Appendix III Steam tables
Specifically developed for food engineers, this is an in-depth reference book that focuses on
transport phenomena in food preservation. First it reviews the fundamental concepts regarding
momentum, heat, and mass transfer. Then the book examines specific applications of these
concepts into a variety of traditional and novel processes and products.
This textbook is targetted to undergraduate students in chemical engineering, chemical
technology, and biochemical engineering for courses in mass transfer, separation processes,
transport processes, and unit operations. The principles of mass transfer, both diffusional and
convective have been comprehensively discussed. The application of these principles to
separation processes is explained. The more common separation processes used in the
chemical industries are individually described in separate chapters. The book also provides a
good understanding of the construction, the operating principles, and the selection criteria of
separation equipment. Recent developments in equipment have been included as far as
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possible. The procedure of equipment design and sizing has been illustrated by simple
examples. An overview of different applications and aspects of membrane separation has also
been provided. ‘Humidification and water cooling’, necessary in every process indus-try, is
also described. Finally, elementary principles of ‘unsteady state diffusion’ and mass transfer
accompanied by a chemical reaction are covered. SALIENT FEATURES : • A balanced
coverage of theoretical principles and applications. • Important recent developments in mass
transfer equipment and practice are included. • A large number of solved problems of varying
levels of complexities showing the applications of the theory are included. • Many end-chapter
exercises. • Chapter-wise multiple choice questions. • An Instructors manual for the teachers.

In order to successfully produce food products with maximum quality, each stage of
processing must be well-designed. Unit Operations in Food Engineering systematically
presents the basic information necessary to design food processes and the equipment
needed to carry them out. It covers the most common food engineering unit operations
in detail, including guidance for carrying out specific design calculations. Initial chapters
present transport phenomena basics for momentum, mass, and energy transfer in
different unit operations. Later chapters present detailed unit operation descriptions
based on fluid transport and heat and mass transfer. Every chapter concludes with a
series of solved problems as examples of applied theory.
This study covers all the transport properties of food materials and systems - exploring
viscosity, moisture diffusivities, thermal conductivity and diffusivity, transport and
permeability of small molecules, and heat and mass transfer coefficients. The authors
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provide physical, mathematical or empirical models of the transport processes for each
application, as well as principal property values and measuring methods for various
food products and systems.
Introduction to the transport of energy, mass, and momentum in chemically reacting
fluids for graduate or undergraduate students with no prior background in fluid
mechanics. Solutions to selected exercises.
The text is written for both Civil and Environmental Engineering students enrolled in
Wastewater Engineering courses, and for Chemical Engineering students enrolled in
Unit Processes or Transport Phenomena courses. It is oriented toward engineering
design based on fundamentals. The presentation allows the instructor to select
chapters or parts of chapters in any sequence desired.
Written for the upper level undergraduate, this updated book is also a solid reference
for the graduate food engineering student and professional. This edition features the
addition of sections on freezing, pumps, the use of chemical reaction kinetic date for
thermal process optimization, and vacuum belt drying. New sections on accurate
temperature measurements, microbiological inactivation curves, inactivation of
microorganisms and enzymes, pasteurization, and entrainment are included, as are
non-linear curve fitting and processes dependent on fluid film thickness. Other sections
have been expanded.
Laminar Flow and Convective Transport Processes: Scaling Principles and Asymptotic
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Analysis presents analytic methods for the solution of fluid mechanics and convective
transport processes, all in the laminar flow regime. This book brings together the results
of almost 30 years of research on the use of nondimensionalization, scaling principles,
and asymptotic analysis into a comprehensive form suitable for presentation in a core
graduate-level course on fluid mechanics and the convective transport of heat. A
considerable amount of material on viscous-dominated flows is covered. A unique
feature of this book is its emphasis on scaling principles and the use of asymptotic
methods, both as a means of solution and as a basis for qualitative understanding of
the correlations that exist between independent and dependent dimensionless
parameters in transport processes. Laminar Flow and Convective Transport Processes
is suitable for use as a textbook for graduate courses in fluid mechanics and transport
phenomena and also as a reference for researchers in the field.
The Complete, Unified, Up-to-Date Guide to Transport and Separation-Fully Updated
for Today's Methods and Software Tools Transport Processes and Separation Process
Principles, Fifth Edition, offers a unified and up-to-date treatment of momentum, heat,
and mass transfer and separations processes. This edition-reorganized and
modularized for better readability and to align with modern chemical engineering
curricula-covers both fundamental principles and practical applications, and is a key
resource for chemical engineering students and professionals alike. This edition
provides New chapter objectives and summaries throughout Better linkages between
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coverage of heat and mass transfer More coverage of heat exchanger design New
problems based on emerging topics such as biotechnology, nanotechnology, and green
engineering New instructor resources: additional homework problems, exam questions,
problem-solving videos, computational projects, and more Part 1 thoroughly covers the
fundamental principles of transport phenomena, organized into three sections: fluid
mechanics, heat transfer, and mass transfer. Part 2 focuses on key separation
processes, including absorption, stripping, humidification, filtration, membrane
separation, gaseous membranes, distillation, liquid--liquid extraction, adsorption, ion
exchange, crystallization and particle-size reduction, settling, sedimentation,
centrifugation, leaching, evaporation, and drying. The authors conclude with convenient
appendices on the properties of water, compounds, foods, biological materials, pipes,
tubes, and screens. The companion website (trine.edu/transport5ed/) contains
additional homework problems that incorporate today's leading software, including
Aspen/CHEMCAD, MATLAB, COMSOL, and Microsoft Excel.
The subject of transport phenomena has long been thoroughly and expertly addressed
on the graduate and theoretical levels. Now Transport Phenomena and Unit
Operations: A Combined Approach endeavors not only to introduce the fundamentals of
the discipline to a broader, undergraduate-level audience but also to apply itself to the
concerns of practicing engineers as they design, analyze, and construct industrial
equipment. Richard Griskey's innovative text combines the often separated but
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intimately related disciplines of transport phenomena and unit operations into one
cohesive treatment. While the latter was an academic precursor to the former,
undergraduate students are often exposed to one at the expense of the other.
Transport Phenomena and Unit Operations bridges the gap between theory and
practice, with a focus on advancing the concept of the engineer as practitioner.
Chapters in this comprehensive volume include: Transport Processes and Coefficients
Frictional Flow in Conduits Free and Forced Convective Heat Transfer Heat
Exchangers Mass Transfer; Molecular Diffusion Equilibrium Staged Operations
Mechanical Separations Each chapter contains a set of comprehensive problem sets
with real-world quantitative data, affording students the opportunity to test their
knowledge in practical situations. Transport Phenomena and Unit Operations is an ideal
text for undergraduate engineering students as well as for engineering professionals.
In this valuable volume, new and original research on various topics on chemical
engineering and technology is presented on modeling and simulation, material
synthesis, wastewater treatment, analytical techniques, and microreactors. The
research presented here can be applied to technology in food, paper and pulp,
polymers, petrochemicals, surface coatings, oil technology aspects, among other uses.
The book is divided into five sections: modeling and simulation environmental
applications materials and applications processes and applications analytical methods
Topics include: modeling and simulation of chemical processes process integration and
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intensification separation processes advances in unit operations and processes
chemical reaction engineering fuel and energy advanced materials CFD and transport
processes wastewater treatment The valuable research presented here will be of
interest to researchers, scientists, industry practitioners, as well as upper-level
students.
The third edition of Transport Phenomena Fundamentals continues with its streamlined
approach to the subject of transport phenomena, based on a unified treatment of heat,
mass, and momentum transport using a balance equation approach. The new edition
makes more use of modern tools for working problems, such as COMSOL®, Maple®,
and MATLAB®. It introduces new problems at the end of each chapter and sorts them
by topic for ease of use. It also presents new concepts to expand the utility of the text
beyond chemical engineering. The text is divided into two parts, which can be used for
teaching a two-term course. Part I covers the balance equation in the context of
diffusive transport—momentum, energy, mass, and charge. Each chapter adds a term to
the balance equation, highlighting that term's effects on the physical behavior of the
system and the underlying mathematical description. Chapters familiarize students with
modeling and developing mathematical expressions based on the analysis of a control
volume, the derivation of the governing differential equations, and the solution to those
equations with appropriate boundary conditions. Part II builds on the diffusive transport
balance equation by introducing convective transport terms, focusing on partial, rather
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than ordinary, differential equations. The text describes paring down the microscopic
equations to simplify the models and solve problems, and it introduces macroscopic
versions of the balance equations for when the microscopic approach fails or is too
cumbersome. The text discusses the momentum, Bernoulli, energy, and species
continuity equations, including a brief description of how these equations are applied to
heat exchangers, continuous contactors, and chemical reactors. The book also
introduces the three fundamental transport coefficients: the friction factor, the heat
transfer coefficient, and the mass transfer coefficient in the context of boundary layer
theory. The final chapter covers the basics of radiative heat transfer, including concepts
such as blackbodies, graybodies, radiation shields, and enclosures. The third edition
incorporates many changes to the material and includes updated discussions and
examples and more than 70 new homework problems.
This book describes a methodology for enabling interoperability of systems by modeling
information such that it can be queried, stored and exchanged between systems in a
system independent way. It is based on the use of formalized natural languages and
provides guidance on the modeling of definitions, knowledge and requirements as well
as modeling of individual products and processes.
Appropriate for one-year transport phenomena (also called transport processes) and
separation processes course. First semester covers fluid mechanics, heat and mass
transfer; second semester covers separation process principles (includes unit
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operations). The title of this Fourth Edition has been changed from Transport
Processes and Unit Operations to Transport Processes and Separation Process
Principles (Includes Unit Operations). This was done because the term Unit Operations
has been largely superseded by the term Separation Processes which better reflects
the present modern nomenclature being used. The main objectives and the format of
the Fourth Edition remain the same. The sections on momentum transfer have been
greatly expanded, especially in the sections on fluidized beds, flow meters, mixing, and
non-Newtonian fluids. Material has been added to the chapter on mass transfer. The
chapters on absorption, distillation, and liquid-liquid extraction have also been enlarged.
More new material has been added to the sections on ion exchange and crystallization.
The chapter on membrane separation processes has been greatly expanded especially
for gas-membrane theory.
Providing a foundation in heat and mass transport, this book covers engineering
principles of heat and mass transfer. The author discusses biological content, context,
and parameter regimes and supplies practical applications for biological and biomedical
engineering, industrial food processing, environmental control, and waste management.
The book contains end-of-chapter problems and sections highlighting key concepts and
important terminology It offers cross-references for easy access to related areas and
relevant formulas, as well as detailed examples of transport phenomena, and
descriptions of physical processes. It covers mechanisms of diffusion, capillarity,
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convection, and dispersion.
In chemical engineering and related fields, a unit operation is a basic step in a process.
For example in milk processing, homogenization, pasteurization, chilling, and
packaging are each unit operations which are connected to create the overall process.
A process may have many unit operations to obtain the desired product. The book will
cover many different unit operations as they apply to food processing.

These volumes are part of Encyclopedia of Water Sciences, Engineering and
Technology Resources in the global Encyclopedia of Life Support Systems
(EOLSS), which is an integrated compendium of twenty one Encyclopedias. The
three volumes present state-of-the art subject matter of various aspects of
Common Fundamentals and Unit Operations in Thermal Desalination Systems
such as: Conventional Water Treatment Technologies; Guidelines for Potable
Water Purification; Advanced Treatment Technologies for Recycle - Reuse of
Domestic Wastewater; Composition of Desalinated Water; Crystallization; Deep
Bed Filtration: Modeling Theory and Practice; Distillation ; Rectification;
Flocculation and Flocculation Filtration; Hazardous Waste Treatment
Technologies; Microfiltration and Ultrafiltration; Post-Treatment of Distillate and
Permeate; Pre-Cleaning Measures: Filtration; Raw Water Pre-Treatment: Sludge
Treatment Technologies; Supercritical Extraction; Potential for Industrial
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Wastewater Reuse; Treatment of Industrial Wastewater by Membrane
Bioreactors; Unconventional Sources of Water Supply; Problem of NonCondensable Gas Release in Evaporators; Entrainment in Evaporators; Mist
Eliminators; Chemical Hazards in Seawater Desalination by the Multistage-Flash
Evaporation Technique; Concentration of Liquid Foods; Environmental Impact of
Seawater Desalination Plants; Environmental Impacts of Intakes and Out Falls;
Industrial Ecology, Water Resources, and Desalination; Rural and Urban Water
Supply and Sanitation; Sustainable Development, Water Supply and Sanitation
Technology These volumes are aimed at the following five major target
audiences: University and College Students Educators, Professional
Practitioners, Research Personnel and Policy and Decision Makers.
Food Engineering is a component of Encyclopedia of Food and Agricultural
Sciences, Engineering and Technology Resources in the global Encyclopedia of
Life Support Systems (EOLSS), which is an integrated compendium of twenty
one Encyclopedias. Food Engineering became an academic discipline in the
1950s. Today it is a professional and scientific multidisciplinary field related to
food manufacturing and the practical applications of food science. These
volumes cover five main topics: Engineering Properties of Foods;
Thermodynamics in Food Engineering; Food Rheology and Texture; Food
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Process Engineering; Food Plant Design, which are then expanded into multiple
subtopics, each as a chapter. These four volumes are aimed at the following five
major target audiences: University and College students Educators, Professional
practitioners, Research personnel and Policy analysts, managers, and decision
makers and NGOs
Transport Processes and Unit OperationsAllyn & Bacon
????:Transport processes and unit operations
The subject matter covered in this volume covers a wide scope. It contains
critical reviews in many frontier areas of interest to engineers and applied
scientists. Multiphase transport ranging from floc breakage to flow through
multiphase media is discussed. Difficult problems of bubble growth and
devolatilisation from polymeric melts are treated. The question of solid-liquid
phase change with flow is considered and the emerging quantitation of web
drying technology through mathematical modeling is covered. Transport
phenomena in high-tech materials ranging from zeolite catalysts to liquid
crystalline materials are covered and formidable problems of transport of gases
in porous media, which have implications in many different technologies, are also
addressed. Finally, applications of newer techniques in numerical computation of
transport processes are highlighted. These authorative, evaluative and timely
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reviews of topics of current and potential interest will serve the needs of
practising engineers as well as academic and industrial researchers.
Part II covers applications in greater detail. The three transport
phenomena--heat, mass, and momentum transfer--are treated in depth through
simultaneous (or parallel) developments.
IMRET 5 featured more than 80 oral and poster communications, covering the
entire interdisciplinary field from design, production, modeling and
characterization of microreactor devices to application of microstructured
systems for production, energy and transportation, including many analytical and
biological applications. A particularly strong topic was the investigation of the
potential of microstructuring of reactors and systems components for process
intensification. Perspectives of combining local, in situ, data acquisition with
appropriate microstructuring of actuators and components within chemical and
biological devices were explored in order to enhance process performance and
facilitate process control.
Chemical Engineering and Chemical Process Technology is a theme component of
Encyclopedia of Chemical Sciences, Engineering and Technology Resources in the global
Encyclopedia of Life Support Systems (EOLSS), which is an integrated compendium of twenty
Encyclopedias. Chemical engineering is a branch of engineering, dealing with processes in
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which materials undergo changes in their physical or chemical state. These changes may
concern size, energy content, composition and/or other application properties. Chemical
engineering deals with many processes belonging to chemical industry or related industries
(petrochemical, metallurgical, food, pharmaceutical, fine chemicals, coatings and colors,
renewable raw materials, biotechnological, etc.), and finds application in manufacturing of such
products as acids, alkalis, salts, fuels, fertilizers, crop protection agents, ceramics, glass,
paper, colors, dyestuffs, plastics, cosmetics, vitamins and many others. It also plays significant
role in environmental protection, biotechnology, nanotechnology, energy production and
sustainable economical development. The Theme on Chemical Engineering and Chemical
Process Technology deals, in five volumes and covers several topics such as: Fundamentals
of Chemical Engineering; Unit Operations – Fluids; Unit Operations – Solids; Chemical
Reaction Engineering; Process Development, Modeling, Optimization and Control; Process
Management; The Future of Chemical Engineering; Chemical Engineering Education; Main
Products, which are then expanded into multiple subtopics, each as a chapter. These five
volumes are aimed at the following five major target audiences: University and College
students Educators, Professional practitioners, Research personnel and Policy analysts,
managers, and decision makers and NGOs.
Advanced Transport Phenomena is ideal as a graduate textbook. It contains a detailed
discussion of modern analytic methods for the solution of fluid mechanics and heat and mass
transfer problems, focusing on approximations based on scaling and asymptotic methods,
beginning with the derivation of basic equations and boundary conditions and concluding with
linear stability theory. Also covered are unidirectional flows, lubrication and thin-film theory,
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creeping flows, boundary layer theory, and convective heat and mass transport at high and low
Reynolds numbers. The emphasis is on basic physics, scaling and nondimensionalization, and
approximations that can be used to obtain solutions that are due either to geometric
simplifications, or large or small values of dimensionless parameters. The author emphasizes
setting up problems and extracting as much information as possible short of obtaining detailed
solutions of differential equations. The book also focuses on the solutions of representative
problems. This reflects the book's goal of teaching readers to think about the solution of
transport problems.
Transport and Surface Phenomena provides an overview of the key transfers taking place in
reactions and explores how calculations of momentum, energy and mass transfers can help
researchers develop the most appropriate, cost effective solutions to chemical problems.
Beginning with a thorough overview of the nature of transport phenomena, the book goes on to
explore balances in transport phenomena, including key equations for assessing balances,
before concluding by outlining mathematical methods for solving the transfer equations.
Drawing on the experience of its expert authors, it is an accessible introduction to the field for
students, researchers and professionals working in chemical engineering. The book and is also
ideal for those in related fields such as physical chemistry, energy engineering, and materials
science, for whom a deeper understanding of these interactions could enhance their work.
With a detailed analysis of the mass transport through membrane layers and its effect on
different separation processes, this book provides a comprehensive look at the theoretical and
practical aspects of membrane transport properties and functions. Basic equations for every
membrane are provided to predict the mass transfer rate, the concentration distribution, the
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convective velocity, the separation efficiency, and the effect of chemical or biochemical
reaction taking into account the heterogeneity of the membrane layer to help better understand
the mechanisms of the separation processes. The reader will be able to describe membrane
separation processes and the membrane reactors as well as choose the most suitable
membrane structure for separation and for membrane reactor. Containing detailed discussion
of the latest results in transport processes and separation processes, this book is essential for
chemistry students and practitioners of chemical engineering and process engineering.
Detailed survey of the theoretical and practical aspects of every membrane process with
specific equations Practical examples discussed in detail with clear steps Will assist in
planning and preparation of more efficient membrane structure separation
This new third edition provides a modern, unified treatment of the basic transport processes of
momentum, heat, and mass transfer, as well as a broad treatment of the unit operations of
chemical engineering. Coverage includes the latest membrane separation processes;
discussion of bioprocesses; comprehensive treatment of the transport processes of
momentum, heat, and mass transfer; adsorption processes; and more. A useful, up-to-date
reference for practicing chemical engineers, agricultural engineers, food scientists,
environmental engineers, biochemical engineers, and others who work in the process
industries.
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