Fundamentals of Heat and Mass Transfer,
8th edition

by T.L. Bergman, A.S. Lavine, F.P. Incropera, and D.P. Dewitt - Language: EN

Summary by booksummaryai.com —
https://booksummaryai.com/country/en/fundamentals-of-heat-and-mass-transfer-8th-edition

Overview

Fundamentals of Heat and Mass Transfer, 8th edition" by Bergman, Lavine, Incropera, and
Dewitt is a foundational textbook designed to introduce undergraduate and graduate
engineering students to the principles and applications of heat and mass transfer. The book
systematically covers the three primary modes of heat transfer—conduction, convection, and
radiation—along with an introduction to mass transfer. It emphasizes a rigorous, yet accessible,
approach to understanding the physical mechanisms underlying these phenomena, providing a
strong theoretical basis complemented by practical problem-solving methodologies.

The text is renowned for its clear explanations, comprehensive coverage, and extensive
collection of illustrative examples and end-of-chapter problems, which range from fundamental
concepts to complex engineering scenarios. It aims to equip students with the analytical tools
necessary to model, analyze, and design systems involving thermal energy and mass transport.
By integrating real-world applications and modern computational tools, the 8th edition
continues to be an indispensable resource for students and professionals seeking a deep
understanding of how heat and mass move through various systems, crucial for fields like
mechanical, chemical, aerospace, and materials engineering.

Key Takeaways
* Heat transfer occurs through conduction, convection, and radiation, each governed by
distinct physical laws and mechanisms.

* Understanding energy conservation is fundamental to analyzing any heat transfer problem,
often expressed through control volume analysis.

* Boundary conditions are critical for solving heat transfer problems, defining the interactions
between a system and its surroundings.

« Convection involves fluid motion and can be either forced (driven by external means) or
natural (driven by buoyancy forces).

* Radiation heat transfer, unlike conduction and convection, does not require a medium and
is significant at high temperatures or in a vacuum.
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* Mass transfer, often analogous to heat transfer, describes the movement of chemical
species within a mixture due to concentration gradients.

* Practical engineering design often involves optimizing heat exchangers and other thermal
systems for efficiency and performance.

Chapter Summaries

Chapter 1: Introduction

This introductory chapter establishes the fundamental principles of heat transfer, defining its
three primary modes: conduction, convection, and radiation. It introduces the concept of energy
conservation, applying the first law of thermodynamics to control volumes and surfaces. Key
terminology, units, and dimensions relevant to heat transfer analysis are presented,
emphasizing the importance of a systematic approach to problem-solving. The chapter also
provides an overview of the methodology for analyzing heat transfer problems, including
identifying relevant mechanisms, formulating governing equations, and applying appropriate
boundary conditions. It sets the stage for understanding the physical phenomena and
mathematical tools used throughout the book, highlighting the practical significance of heat
transfer in various engineering applications.

Chapter 2: Introduction to Conduction

Chapter 2 delves into the fundamental principles of heat conduction, beginning with Fourier's
Law, which quantifies the rate of heat transfer through a material due to a temperature gradient.
It explores the thermal properties of materials, such as thermal conductivity, specific heat, and
thermal diffusivity, explaining how these properties influence heat transfer performance and
material selection. The chapter then develops the general heat diffusion equation, a partial
differential equation that describes the temperature distribution within a body as a function of
space and time. This equation is derived from an energy balance and serves as the cornerstone
for analyzing various conduction problems, laying the groundwork for subsequent chapters on
steady-state and transient conduction. Understanding these foundational concepts is crucial for
predicting thermal behavior in engineering systems.

Chapter 3: One-Dimensional, Steady-State Conduction

This chapter focuses on the analysis of heat conduction under steady-state conditions where
temperature varies in only one spatial dimension. It covers heat transfer through plane walls,
cylindrical shells, and spherical shells, introducing concepts like thermal resistance networks for
composite walls. The chapter also extensively discusses extended surfaces, or fins, analyzing
their effectiveness and efficiency in enhancing heat transfer from a primary surface. Various fin
geometries, such as straight fins, annular fins, and pin fins, are examined, along with methods
for calculating their temperature distribution and heat dissipation. The concept of thermal
contact resistance at interfaces between materials is also introduced, providing a comprehensive
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understanding of one-dimensional steady conduction.
Chapter 4: Two-Dimensional, Steady-State Conduction

Chapter 4 extends the analysis of steady-state conduction to two spatial dimensions, addressing
situations where temperature gradients exist in multiple directions. It introduces analytical
methods, such as separation of variables, for solving the heat diffusion equation in simple
geometries with prescribed boundary conditions. The chapter also explores graphical methods,
like flux plots, which provide a visual understanding of isotherms and heat flow lines. A
significant portion is dedicated to numerical methods, specifically the finite-difference method,
for approximating temperature distributions in complex geometries or with non-uniform
boundary conditions. This involves discretizing the domain into a grid and solving a system of
algebraic equations, providing a powerful tool for practical engineering problems.

Chapter 5: Transient Conduction

This chapter addresses transient conduction, where temperatures within a system change with
time. It begins with the lumped capacitance method, a simplified approach applicable when
internal temperature gradients are negligible, characterized by the Biot number. For situations
with significant spatial temperature variations, exact analytical solutions for plane walls,
cylinders, and spheres are presented, often utilizing Heisler charts for practical application. The
chapter also covers approximate solutions for semi-infinite solids, relevant for short-time heating
or cooling of large bodies. Finally, numerical finite-difference methods are extended to transient
problems, allowing for the analysis of complex geometries and boundary conditions where
analytical solutions are intractable, providing a versatile tool for time-dependent thermal
analysis.

Chapter 6: Introduction to Convection

Chapter 6 introduces the fundamental principles of convection heat transfer, which involves
energy transfer between a surface and a moving fluid. It describes the formation and
characteristics of velocity and thermal boundary layers that develop adjacent to a solid surface.
Key dimensionless parameters crucial for convection analysis are introduced, including the
Reynolds number (characterizing flow regime), Prandtl number (relating momentum and
thermal diffusivities), and Nusselt number (representing the ratio of convective to conductive
heat transfer). The chapter explains the concepts of local and average heat transfer coefficients,
providing the framework for quantifying convective heat transfer rates and setting the stage for
detailed analysis of various convection scenarios in subsequent chapters.

Chapter 7: External Flow

This chapter focuses on convection heat transfer for fluid flow over external surfaces. It begins
with the analysis of flow over a flat plate, distinguishing between laminar and turbulent
boundary layers and presenting correlations for local and average heat transfer coefficients. The
discussion extends to flow across cylinders and spheres, where form drag and pressure
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distribution significantly influence heat transfer, providing empirical correlations for various
Reynolds number ranges. The chapter also covers heat transfer in flow across banks of tubes, a
common configuration in heat exchangers, presenting methods for calculating heat transfer
rates and pressure drop. Practical applications and the use of experimental correlations are
emphasized for diverse external flow scenarios.

Chapter 8: Internal Flow

Chapter 8 addresses convection heat transfer for fluid flow inside ducts and tubes, a critical topic
in many engineering systems. It covers both laminar and turbulent flow regimes, detailing the
development of velocity and thermal boundary layers in the entrance region and the
characteristics of fully developed flow. The chapter presents analytical solutions for laminar flow
in circular tubes, including the determination of friction factors and Nusselt numbers for various
thermal boundary conditions (e.g., constant surface temperature, constant heat flux). For
turbulent flow, empirical correlations are provided for calculating heat transfer coefficients and
pressure drop, considering factors like roughness and fluid properties. The analysis provides
essential tools for designing and evaluating piping systems and heat exchanger components.

Chapter 9: Free Convection

Chapter 9 explores free (or natural) convection, a mode of heat transfer driven by buoyancy
forces arising from density differences caused by temperature gradients in a fluid. It introduces
the Grashof number, a dimensionless parameter that characterizes the relative importance of
buoyancy to viscous forces. The chapter analyzes natural convection over various geometries,
including vertical plates, horizontal plates, and cylinders, presenting empirical correlations for
calculating heat transfer coefficients in different orientations and flow regimes. It also discusses
natural convection within enclosed spaces, such as vertical and horizontal cavities, which is
relevant to building insulation and electronic cooling. Understanding free convection is vital for
applications where forced flow is absent or minimal.

Chapter 10: Boiling and Condensation

This chapter provides a detailed analysis of heat transfer during phase-change processes: boiling
and condensation. It covers pool boiling, describing the different regimes (natural convection,
nucleate, transition, and film boiling) and the associated heat flux-temperature difference curve,
including the critical heat flux and Leidenfrost point. Flow boiling, which occurs in tubes, is also
discussed, considering its more complex mechanisms. For condensation, the chapter
differentiates between film condensation and dropwise condensation, explaining the
mechanisms and presenting analytical and empirical correlations for heat transfer coefficients
on vertical and horizontal surfaces. The enhanced heat transfer rates associated with phase
change make these processes crucial in power generation, refrigeration, and chemical
industries.

Chapter 11: Heat Exchangers
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Chapter 11 is dedicated to the design and analysis of heat exchangers, devices engineered for
efficient heat transfer between two or more fluids at different temperatures. It introduces
various types of heat exchangers, including double-pipe, shell-and-tube, plate, and compact heat
exchangers, discussing their configurations and applications. The concept of the overall heat
transfer coefficient (U) is developed, accounting for convection and conduction resistances. Two
primary methods for heat exchanger analysis are presented: the Log Mean Temperature
Difference (LMTD) method, suitable for known inlet and outlet temperatures, and the Number of
Transfer Units (NTU) method, which uses effectiveness to analyze performance when only inlet
temperatures are known. These tools are essential for selecting and sizing heat exchangers in
industrial processes.

Chapter 12: Radiation: Processes and Properties

Chapter 12 introduces thermal radiation, the third mode of heat transfer, which involves energy
emitted by matter due to changes in the electron configurations of its atoms or molecules. It
begins with the fundamental nature of radiation, including electromagnetic waves and photons.
The concept of a blackbody, an ideal emitter and absorber, is central, with Planck's law, Wien's
displacement law, and the Stefan-Boltzmann law describing its spectral and total emissive power.
The chapter then delves into the radiative properties of real surfaces, such as emissivity,
absorptivity, reflectivity, and transmissivity, explaining their dependence on wavelength and
direction. Kirchhoff's law, relating emissivity and absorptivity, is also discussed, providing a
foundation for analyzing radiative heat exchange.

Chapter 13: Radiation Exchange Between Surfaces

This chapter builds upon the radiative properties introduced previously to analyze the net
radiative heat exchange between surfaces. It introduces the concept of view factors (also known
as shape factors or configuration factors), which quantify the fraction of radiation leaving one
surface that is intercepted by another. Methods for calculating view factors for various
geometries are presented. The chapter then develops the network method for analyzing
radiation exchange within an enclosure of diffuse-gray surfaces, where surface temperatures
and heat fluxes are determined by solving a system of algebraic equations. The role of radiation
shields in reducing heat transfer and the effects of reradiating surfaces are also discussed,
providing practical tools for designing systems involving significant radiative heat transfer.

Chapter 14: Diffusion Mass Transfer

Chapter 14 introduces the principles of mass transfer, focusing on diffusion, which is the
movement of species due to a concentration gradient. It begins with Fick's law of diffusion,
analogous to Fourier's law for heat conduction, quantifying the molar or mass flux. The general
mass diffusion equation is derived from a species conservation principle, describing the
concentration distribution in space and time. The chapter analyzes steady-state diffusion in
various geometries, including through stationary media and in situations involving chemical
reactions. It also covers transient diffusion, where concentrations change with time, and
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discusses boundary conditions relevant to mass transfer problems. Understanding diffusion is
crucial in chemical engineering, environmental science, and biological systems.

Chapter 15: Convection Mass Transfer

Chapter 15 extends the study of mass transfer to include convection, where species are
transported by bulk fluid motion in addition to diffusion. It introduces the concept of mass
transfer coefficients, analogous to heat transfer coefficients, for quantifying convective mass
transfer rates. A significant part of the chapter is dedicated to the analogies between heat and
mass transfer, particularly the Reynolds analogy and the Chilton-Colburn analogy, which allow
for the estimation of mass transfer coefficients from known heat transfer correlations.
Applications to external and internal flow are discussed, along with specific phenomena like
evaporation and condensation of species. This chapter provides essential tools for analyzing
processes such as drying, humidification, and chemical reactions at fluid-solid interfaces.

Themes

* Energy Transport Principles

* Thermal System Analysis

* Engineering Design Optimization
* Fluid Mechanics Interaction

* Material Thermal Behavior

* Transport Phenomena Modeling

Frequently Asked Questions
What is Fundamentals of Heat and Mass Transfer, 8th edition about?

This textbook provides a comprehensive introduction to the fundamental principles of heat and
mass transfer, covering conduction, convection, radiation, and diffusion mass transfer. It teaches
engineering students how to analyze, model, and design systems involving thermal energy and
mass transport, with a strong emphasis on problem-solving.

Is Fundamentals of Heat and Mass Transfer, 8th edition worth reading?

For engineering students and professionals in fields like mechanical, chemical, and aerospace
engineering, this book is highly regarded as a definitive and essential resource. Its clear
explanations, rigorous approach, and extensive problem sets make it invaluable for mastering
the core concepts of heat and mass transfer.

Who should read Fundamentals of Heat and Mass Transfer, 8th edition?
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The primary audience for this book is undergraduate and graduate students in engineering
disciplines such as mechanical, chemical, aerospace, and materials engineering. It is also a
valuable reference for practicing engineers who need to apply heat and mass transfer principles
in their professional work.

How long does it take to read Fundamentals of Heat and Mass Transfer, 8th edition?

Given its depth and comprehensive nature, reading this textbook thoroughly, including working
through examples and problems, can take several months of dedicated study. For a typical
student, it represents a semester-long course commitment, implying hundreds of hours of
engagement.

Questions & Answers

What are the three primary modes of heat transfer discussed in the book?

The book extensively covers conduction, convection, and radiation as the three fundamental
modes of heat transfer. Conduction involves energy transfer through direct molecular contact,
convection involves energy transfer through fluid motion, and radiation involves energy transfer
via electromagnetic waves, requiring no intervening medium. Understanding these distinct
mechanisms is crucial for analyzing and designing thermal systems.

How does Fourier's Law of Conduction relate to heat transfer?

Fourier's Law of Conduction, a cornerstone principle in the book, quantifies the rate of heat
transfer through a material due to a temperature gradient. It states that the heat flux is
proportional to the negative temperature gradient, with the proportionality constant being the
thermal conductivity of the material. This law is fundamental for analyzing steady and transient
conduction problems in various geometries.

What is the significance of dimensionless numbers in heat and mass transfer analysis?

Dimensionless numbers, such as the Reynolds, Nusselt, Prandtl, and Sherwood numbers, are
critical for correlating experimental data and scaling results in heat and mass transfer. They
allow engineers to generalize solutions, compare different systems, and predict behavior without
needing to perform extensive experiments for every specific condition. These numbers simplify
complex equations and highlight the relative importance of various physical phenomena.

How does the book differentiate between forced and natural convection?

The book clearly distinguishes between forced and natural (or free) convection based on the
mechanism driving fluid motion. In forced convection, fluid movement is induced by external
means, like a fan or pump. In natural convection, fluid motion arises solely from density
differences caused by temperature gradients within the fluid itself, leading to buoyancy-driven
flows. This distinction is vital for selecting appropriate correlations and analysis methods.
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What role do heat exchangers play in engineering applications, as presented in the text?

Heat exchangers are devices designed for efficient heat transfer between two or more fluids at
different temperatures, and the book dedicates significant attention to their analysis and design.
They are ubiquitous in engineering, found in power plants, refrigeration systems, HVAC, and
chemical processes. The text covers various types, performance analysis methods like LMTD and
NTU, and design considerations for optimizing heat transfer.

What is Fick's Law of Diffusion, and how is it applied in mass transfer?

Fick's Law of Diffusion, analogous to Fourier's Law for heat conduction, describes the rate of
mass transfer due to a concentration gradient. It states that the molar flux of a species is
proportional to the negative concentration gradient, with the proportionality constant being the
diffusion coefficient. This law is fundamental for analyzing processes like gas absorption, drying,
and membrane separation.

How does the book address transient heat conduction problems?

The book addresses transient heat conduction problems, where temperature varies with both
position and time, by introducing analytical and numerical methods. It covers lumped
capacitance analysis for situations with negligible internal resistance, and then explores
solutions for more complex geometries using separation of variables, Heisler charts, and
finite-difference methods. Understanding transient behavior is crucial for processes involving
heating or cooling over time.

What are the primary considerations for designing extended surfaces (fins)?

The book details the design and analysis of extended surfaces, commonly known as fins, which
are used to enhance heat transfer from a surface to an ambient fluid. Key considerations include
fin material (high thermal conductivity), fin geometry (length, thickness, shape), and fin efficiency
or effectiveness. The goal is to maximize heat dissipation while minimizing material usage and
pressure drop, optimizing the overall system performance.

What is the significance of the overall heat transfer coefficient (U) in heat exchanger
design?

The overall heat transfer coefficient (U) is a critical parameter in heat exchanger design,
representing the combined thermal resistance to heat flow between two fluids, including
convection resistances on both sides and conduction resistance through the wall. The book
emphasizes its use in the rate equation, Q = U A ATIm, for calculating the total heat transfer rate
and sizing heat exchangers.

How does the book explain the concept of a thermal boundary layer?

The book explains the thermal boundary layer as the region near a solid surface where the
temperature gradients are significant and the fluid temperature changes from the surface
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temperature to the free stream temperature. Understanding its development and characteristics
is crucial for analyzing convective heat transfer, as the heat transfer rate is directly related to the
temperature gradient within this layer at the surface.

What are the key assumptions made when applying the lumped capacitance method?

The lumped capacitance method, a simplified approach for transient heat conduction, assumes
that the temperature within the object is spatially uniform at any given time. This assumption is
valid when the internal thermal resistance is negligible compared to the external convective
resistance, typically indicated by a Biot number (Bi) less than 0.1. The book highlights these
conditions for its appropriate application.

How does radiation heat transfer differ from conduction and convection?

Radiation heat transfer, unlike conduction and convection, does not require a medium for
energy propagation. It occurs via electromagnetic waves and can even happen in a vacuum. The
book explains that radiation depends on the absolute temperature of the surfaces, their
emissivities, and their geometric configuration (view factors), making it a significant mode of
heat transfer at high temperatures.

What is the role of the Reynolds number in fluid flow and heat transfer?

The Reynolds number (Re) is a crucial dimensionless parameter that indicates the relative
importance of inertial forces to viscous forces in a fluid flow. The book uses it to predict whether
flow is laminar or turbulent, which profoundly impacts convective heat transfer coefficients.
Higher Reynolds numbers generally correspond to turbulent flow and enhanced heat transfer
due to increased mixing.

How does the book approach the analysis of boiling and condensation?

The book dedicates sections to boiling and condensation, which are phase-change heat transfer
phenomena characterized by very high heat transfer coefficients. It covers different regimes of
boiling (e.g., nucleate, film) and condensation (e.g., film, dropwise), providing empirical
correlations and theoretical models for predicting heat transfer rates. These processes are vital
in power generation, refrigeration, and chemical industries.

What are the main challenges in solving combined mode heat transfer problems?

The book addresses the challenges of combined mode heat transfer problems, where
conduction, convection, and radiation occur simultaneously. The main difficulty arises from the
non-linear nature of radiation (T4 dependence) and the coupling between modes, often
requiring iterative or numerical solutions. Accurately defining boundary conditions and
interaction surfaces is also critical for such complex analyses.

What is the significance of the Biot number in transient heat conduction?
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The Biot number (Bi) is a dimensionless parameter that represents the ratio of internal
conduction resistance to external convection resistance. The book emphasizes its importance in
transient heat conduction, particularly for determining the applicability of the lumped
capacitance method. A small Biot number (Bi < 0.1) indicates that temperature gradients within
the object are negligible, simplifying the analysis.

How does the book explain the concept of thermal resistance?

The book introduces the concept of thermal resistance as an analogy to electrical resistance,
simplifying the analysis of steady-state heat transfer through composite walls or systems. Each
layer or mode of heat transfer (conduction, convection) has an associated thermal resistance,
and these resistances can be combined in series or parallel to find the total resistance, making it
easier to calculate the overall heat transfer rate.

What is the purpose of the effectiveness-NTU method for heat exchanger analysis?

The effectiveness-NTU (Number of Transfer Units) method is an alternative approach to the Log
Mean Temperature Difference (LMTD) method for heat exchanger analysis, particularly useful
when outlet temperatures are unknown. The book explains that it relates the actual heat transfer
rate to the maximum possible heat transfer rate, providing a more direct way to determine heat
exchanger performance or required size.

How does the book incorporate numerical methods into heat transfer analysis?

The book incorporates numerical methods, primarily finite-difference and finite-volume
techniques, to solve complex heat transfer problems that lack analytical solutions, such as those
with irregular geometries, non-linear boundary conditions, or transient behavior. It provides the
foundational principles for discretizing differential equations, setting up nodal networks, and
solving systems of algebraic equations, often with computational tools.

What is the primary objective of studying heat and mass transfer, according to the book's
overall theme?

The primary objective of studying heat and mass transfer, as conveyed by the book's overall
theme, is to provide engineers with the fundamental principles and analytical tools necessary to
understand, predict, and control energy and species transport in various systems. This
knowledge is crucial for designing efficient, safe, and sustainable technologies across diverse
fields, from energy systems to biological processes.

https://booksummaryai.com/country/en/fundamentals-of-heat-and-mass-transfer-8th-edition Page 10



