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PREFACE

his book presents an elementary treatment of the principles of heat transfer. As a

text it contains more than enough material for a one-semester course that may be

presented at the junior level, or higher, depending on individual course objectives.
The course is normally required in chemical and mechanical engineering cuwrricula but is
recommended for electrical engineering students as well, because of the significance of
cooling problems in various electronics applications. In the author’s experience, electrical
engineering students do quite well in a heat-transfer course, even with no formal coursework
background in thermodynamics or fluid mechanics. A background in ordinary differential
equations is helpful for proper understanding of the material.

Presentation of the subject follows classical lines of separate discussions for conduc-
tion, convection, and radiation, although it is emphasized that the physical rnechagis
convection heat transfer is one of conduction through the stationary fluid layer near th
uansfer surface. Throughout the book emphasis has been placed on physical underst;.r&

while, at the same time, relying on meaningful experimental data in thosg ci sta*e
that do not permit a simple analytical solution.

Conduction is treated from both the analytical and the numerical yi o that
the reader is afforded the insight that is gained from analytical sol ell as the
important tools of numerical analysis that must often be used in practigg. A number of
numerical examples are given that include heat sources and radj ary conditions,

non-uniform mesh size, and one example of a three-dimensi { system. A similar
n integral analysis of
a physical picture of the

may be drawn that naturally

lead to the presentation of empirical and practic
transfer coefficients. Because it provides an

requiring iterative solutions are also
the details of solution are relega
that the well-disposed reader
systems of nonlinear equations.

The log-mean-temperature-difference and effectiveness approaches are presented in
heat-exchanger analysis since both are in wide use and each offers its own advantages
to the designer. A brief introduction to diffusion and mass transfer is presented in order to
acquaint the reader with these processes and to establish more firmly the important analogies
between heat, mass, and momentum transfer. A new Chapter {2 has been added on summary
and design information. Numerous calculation charts are offered in this chapter as an aid in
preliminary design work where speed and utility may be more important than the accuracy
that may be required in final design stages. Eleven new examples are presented in this
chapter illustrating use of the chars.

Problems are included at the end of each chapter. Some of these problems are of a
routine nature to familiarize the student with the numerical manipulations and orders of
magnitude of various parameters that occur in the subject of heat transfer. Other problems

the conduction and radiation chapters but
oftware references. The assumption is made
t his or her own preferred vehicle for solution of



Preface

extend the subject matter by requiring students to apply the basic principles to ncw situations
and develop their own equations. Both types of problems are important.

There is also a section at the end of each problem set desi gnated as “Design-Oriented
Problems.” The problems in these sections typically are open-ended and do not resuit in
a unique answer. In some cases they are rather extended in length and require judgment
decisions during the solution process. Over 100 such problems are included in the text.

The subject of heat transfer is not static. New developments occur quite regularly, and
better analytical solutions and empirical data are continuously made available to the pro-
fessional in the field. Because of the huge amount of information that is available in the
research literature, the beginning student could easily be overwhelmed if too many of the
nuances of the subject were displayed and expanded. The book is designed to serve as an
elementary text, so the author has assumed a role of interpreter of the literature with those
findings and equations being presented that can be of immediate utility to the reader. It is
hoped that the student’s attention is called to more extensive works in a sufficient number of
instances to emphasize the depth that is available on most of the subjects of heat transfer, For
the serious student, then, the end-of-chapter references offer open door to the literature
of heat transfer that can pyramid upon further inves(iga@onﬁf,iveral chapters the number
T Gitations of historical interest
ill not be intrusive on the

of references offered is much larger than necessary, and
have been retained freely. The author feels this is a luxury
reader or detract from the utility of the text.

A book in its tenth edition obviously refl g)mpromises and evolutionary
processes over the years. While the basic physical anisms of heat transfer have not
changed, analytical techniques and experinn have been revised and improved. [n
this edition some trimming of cut-of-d at has been effected, new problems added,
and old problems refreshed. Sixtee ed examples have been added. All worked
examples are now referenced by p. umber at the front of the book, just following the
Table of Contents. The listigg offsu ples is still retained at the end of each chapter.

A feature is the use of xcel for solution of both steady-state and transient
conduction heat-transfer problemg, Excel is given a rather full discussion in a new Appendix
D, which includes tregtmeht of Bieat source and radiation boundary conditions, steady-state
and transient conditio interfaces between composite materials. A special template is
provided that aut ically writes nodal equations for most common boundary conditions.
Ten examples use”of Excel for solution of problems are provided, including some
modiftcati ansions of examples that appear in Chapters 3 and 4. One exam-
rogression of transient solution to yield the steady-state solution for
g-time duration.
it10n to the summary tables of convection formulas provided at the conclusion
of each € main convection chapiers (Chapters 5, 6, 7), an overall procedure is now
offered for analysis of all convection problems, and is included in the inside book cover
as well as in the body of the text. While one might interpret this as a cookbook approach,
the true intent is to help heat-transfer practitioners avoid common and disarmingly simple
pitfalls in the analysis and solution of convection problems.

The SI (metric) system of units is the primary one for the text. Because the Btu-ft-pound
system is still in wide use, answers and intermediate steps to examples are occasionally
stated in these units. A few examples and problems are in English units,

It is not possible to cover all the topics in this book in either a quarter- or semester-term
course, but it is hoped that the variety of topics and problems will provide the necessary
flexibility for many applications.
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LIST OF SYMBOLS

Epp
Ep;

Local velocity of sound

Attenuation coefficient
(Chap. 8)

Area

Albedo (Chap. 8)

Fin profile area (Chap. 2)
Specific heat, usually ki/kg - °C
Concentration {Chap. 11)

Drag coefficient, defined
by Eq. (6-13)

Friction coefficient, defined
by Eq. (5-52)

Specific heat at constant
pressure, usually ki/kg - °C

Specific heat at constant
volume, usually kJ/kg-°C

Diameter
Depth or diameter
Diffusion coefficient (Chap,

Hydraulic diameter, defi
by Eq. (6-14)

internal energy per unit mass,
wsually kl/kg

Internal energy. usually kJ

Emissive power, usually
W/m? (Chap. 8)

Solar constant (Chap. 8)

Blackbody emmissive power
per unit wave-length, defined
by Eq. (8-12)

Q

N a3

h

ke

ky

Friction factor
Force, usually N

Radiation shape factor
for radiation from
surface i to surface §

Acceleration of gravity

Conversion factor, defined

by Eq. (1-14) . &
Iradiation (Chap. 8) \
Mass veloci *

En y of vaporization,
24

Radiation heat-transfer
coefficient (Chap. 8)

Enthalpy, usually ki/kg
intensity of radiation
Sotar insolation {(Chap. 8}

Solar insolation at outer edge
of atmosphere

Radiosity (Chap. 8)

Thermal conductivity, usually
W/m . °C

Effective thermal conductivity

of enclosed spaces (Chap. 7)
Scattering coefficient (Chap. 8)

Mass-transfer coefficient, m'



List of Symbols

L
Le

=

E = o«

Length X ¥z
Corrected fin length (Chap. 2) )

Mass *= e
Mass rate of flow *
Molecular weight (Chap. 11} «
Molecular density «
Molal diffusion rate, moles per

unit time (Chap. 11) B
Pressure, usually N/mz, Pa

Perimeter B
Heat-transfer rate, kI per unit time yo e

Heat flux, kJ per unit time
per unit area

Heat generated per unit volume

QN -

Heat, kJ
Radius or radial distance

Recovery factor, defined

by Eq. (5-120)
Fixed radius €
Gas constant * €
e, usually °C/W ~ €H €M
c dimension 5
F=1%
ction shape factor,
Thickness, applied to fin
problems (Chap. 2) n
Temperature
Velocity qf
. ]
Velocity
Specific volume, usually m*/kg 9
Velocity

Molecular volume (Chap. 11}
Weight, usually N

Space coordinates in cartesian
system

Thermal diffusivity, usually m%s
Absorptivity (Chap. 8)

Accommaodation coefficient
(Chap. 7)

Solar altitede angle, deg
{Chap. 8)

Volume coefficient of
expansion, 1/K

Temperature coefficient of
thermal conductivity, 1/°C

¢ pic exponent,
N jonless

ndensate mass Aow per unit
depth of plate {Chap. 9)

Hydrodynamic-boundary-layer
thickness '

Thermal-boundary-layer
thickness

Heat-exchanger effectiveness
Emissivity
Eddy diffusivity of heat and

momentum (Chap. 3)

Ratio of
thermal-boundary-layer
thickness to
hydrodynamic-boundary-layer
thickness

Similarity variable, defined
by Eq. (B-6)

Fin efficiency, dimensionless

Angle in spherical or cylindrical
coordinate system

Temperature difference,
T-— Tmference

The reference temperature is
chosen differently for different
systems (see Chaps. 2 to 4)



Wavelength
(Chap. B)

Mean free path
(Chap. 7)

Dynamic
viscosity

Kinematic
viscosity, m%/s

Frequency of
radiation
(Chap. 8)

Density, usually
kg/m>

Reflectivity
(Chap. B)

Stefan-
Bolizmann
constant

Surface tension
of liquid-vapor

o 88(Tw — Too)®

w2
Gr* =Gr Nu
Gz:RePri
L
A
Kn=—
L
o
Le ==~
D
M=¥

List of Symbols

Grashof number
Modified Grashof
number for

constant heat flux

Graetz number

Knudsen number

Lewis number
(Chap. 11)

Mach number

interface R Rayleigh number
(Chap. 9)
Reynolds number
Time H
2 v .
Shear stress Sc=— Schmidt number
between fluid (Chap. 11)
layers K
y Sh= b Sherwood
Transmi D number (Chap. 11)
(Cha
St= Stanton number
Ang pCpi
spherical or -
cyIin(!rica] Si= h Average
coordinate pcpt Stanton number
system
] Stream function Subsecripts
aw Adiabatic wall
Dimensionless Groups conditions
. hs . ] b Refers 10
Bi=—
i P Biot number blackbody
aT . conditions
Fo= = Fourier number (Chap. 8)
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List of Symbols

wm o R o

Evaluated at bulk conditions
Based on diameter
Evaluated at ilm conditions

Saturated vapor conditions
(Chap. 9)

Initial or inlet conditions
Based on length of plate
Mean flow conditions

Denotes nodal positions in
numerical solution
(see Chap. 3, 4)

At specified radial position

Evaluated at condition of
surroundings

Evaluated at wall conditions

Denotes some local position
with respect to x coordinate

Denotes stagnation flow
conditions (Chap. 5) or some
initial condition at time zero

(Superscript) Properties
evaluated at reference
temperature, given

by Eq. (5-124)

valuation at free-stream
onditions

N\
>
S



