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In the ancient history, people drilled wood to make fire in order to remove fishy

smell of raw meat or fish. At that time, in any language, the word ‘ heat’ is synony-
mous with ‘fire’. People’s continuously seeking the nature of hot and cold phenom-
ena contributes to the formation of thermal science.

in the book “The Evolution of Physics”, A. Einstein, the greatest physical sci-
entist in the 20th century pointed out definitely as " The most fundamental concepts
in the description of heat phenomena are temperature and heat. It took an unbeliev-
ably long time in the history of science for this to be distinguished, but once this
distinction was made rapid progress resulted”. Nowadays, people have knowledge
that heat is one kind of energy human’s life depends on and heat transfer is one of
the most common physical phenomena in the nature, science and technology.

From the origin of cosmic to the fabrication of nano-equipment, from traditional
metallurgy to modern biology technology, almost all natural sciences and engineer-
ing fields involve the utilization of thermal energy, the promotion or weakening of
heat transfer. The energy transfer is always from the higher temperature medium to
the lower temperature one if only the presence of a temperature difference. The sci-
ence that deals with the determination of the rates of such energy transfers is heat
transfer.

English has been one of the most important communication media with the
world globalization and widespread of the Internet. Furthermore, China has entered
the WTO, she hungers for persons having strong professional knowledge as well as
high English level. Bilingual teaching has become an urgent task for China educa-

tion, especially for high education. As one of teaching reformation, Bilingual teach-
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ing is to use both native language and English in non-English Class. It's our goal
that from bilingual teaching on heat transfer course, the students not only get knowl-
edge and technology in the field of heat transfer, but also improve their special
English with enlarged vocabulary and thinking with English. We believe the famous
“Input Hypothesis” of Prof. Krashen, if the requirement for study is a little higher
than the receptivity of students, it will be an impetus for their study.

This text book, used for bilingual teaching in China, is according to nationwide
needs and the editors' teaching experience, and adapted from the book “Heat
Transfer . a Practical Approach (2nd edition)” wrote by Dr. Yunus A. Cengel in

the university of Nevada, Reno, and published by WCB/McGraw-Hill Inc.
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In the Spring of 2007
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OBJECTIVES

Heat transfer is a basic science that deals with the rate of transfer of thermal energy. This intro-
ductory text is intended for use in a first course in heat transfer for undergraduate engineering
students, and as a reference book for practicing engineers. The objectives of this text are

® To cover the basic principles of heat transfer.

® To present a wealth of real-world engineering applications to give students a feel for
engineering practice.

® To develop an intuitive understanding of the subject matter by emphasizing the physics

and physical arguments.
Students are assumed to have completed their basic physics and calculus sequence. The comple-
tion of first courses in thermodynamics, fluid mechanics, and differential equations prior to taking
heat transfer is desirable. The relevant concepts from these topics are introduced and reviewed as
needed.

In engineering practice, an understanding of the mechanisms of heat transfer is becoming in-
creasingly important since heat transfer plays a crucial role in the design of vehicles, power
plants, refrigerators, electronic devices, buildings, and bridges, among other things. Even a chef
needs to have an intuitive understanding of the heat transfer mechanism in order to cook the food
“right” by adjusting the rate of heat transfer. We may not be aware of it, but we already use the
principles of heat transfer when seeking thermal comfort. We insulate our bodies by putting on
hcavy coats in winter, and we minimize heat gain by radiation by staying in shady places in sum-

mer. We speed up the cooling of hot food by blowing on it and keep warm in cold weather by
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cuddling up and thus minimizing the exposed surface area. That is, we already use heat transfer

whether we realize it or not.

GENERAL APPROACH

This text is the outcome of an attempt to have a textbook for a practically oriented heat transfer
course for engineering students. The text covers the standard topics of heat transfer with an em-
phasis on physics and real-world applications, while de-emphasizing intimidating heavy mathe-
matical aspects. This approach is more in line with students’ intuition and makes learning the
subject matter much easier.

The goal throughout this project has been to offer an engineering textbook that

¢ Talks directly to the minds of tomorrow’s engineers in a simple yet precise manner.

® Encourages creative thinking and development of a deeper understanding of the subject
matter.

® Is read by students with interest and enthusiasm rather than being used as just an aid to
solve problems.

Special effort has been made to appeal to readers’ natural curiosity and to help students explore
the various facets of the exciting subject area of heat transfer.

Yesterday’s engineers spent a major portion of their time substituting values into the formu-
las and obtaining numerical results. However, now formula manipulations and number crunching
are being left to computers. Tomorrow’s engineer will have to have a clear understanding and a
firm grasp of the basic principles so that he or she can understand even the most complex prob-
lems, formulate them, and interpret the results. A conscious effort is made to emphasize these

basic principles while also providing students with a look at how modern tools are used in engi-

neering practice.

Yunus A.Cengel
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Surface area, m’

Cross-sectional area, m
Biot number

Specific heat, ki/kg - K
Heat capacity rate, W/*C
Drag coefficient

Friction coefficient

Constant pressure specific heat, ki/kg + K
Constant volume specific heat, kJ/kg * K

Diameter, m

Hydraulic diameter, m
Complementary error function
Total energy, kJ

Blackbody emissive flux
Spectral blackbody emissive flux
Friction factor

Blackbody radiation func‘tion
Force, N

Drag force, N

View factor

Gravitational acceleration, m/s’
Incident radiation, W/m’
Grashof number
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Convection heat transfer coefficient, W/m’ + °C
Thermal contact conductance, W/m® + C
Latent heat of vaporization, kl/kg
Colburn j-factor

Radiosity, W/m”; Bessel function
Thermal conductivity, W/m + C
Effective thermal conductivity, W/m - °C
Length; half thickness of a plane wall
Characteristic or corrected length
Hydrodynamic entry length

Thermal entry length

Mass, kg

Mass flow rate, kg/s

Number of transfer units

Nusselt number

Perimeter, m

Pressure, kPa

Vapor pressure, kPa

Prandtl number

Heat flux, W/m’

Total heat transfer, kJ

Heat transfer rate, kW

Critical radius of insulation

Gas constant, kJ/kg * K

Radius, m

Thermal resistance, C/W

Thermal contact resistance, m” + C/W
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R, Fouling factor

Ra Rayleigh number

Re Reynolds number

S Conduction shape factor

Sc Schmidt number

Sh Sherwood number

St Stanton number

t Time, s

t Thickness, m

1 Temperature, C or K

‘2 Bulk fluid temperature, C

1 Film temperature, °C

7. Saturation temperature, “C

T Surface temperature, C or K
u, v X- and y-components of velocity
U Overall heat transfer coefficient, W/m® + °C
14 Total volume, m’®

14 Volume flow rate, m®/s

i Velocity, m/s

3 Mean velocity, m/s

V. Free-stream velocity, m/s

14 Power, kW

Greek Letters

a Absorptivity

a Thermal diffusivity, m*/s
B Volume expansivity, 1/K
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S, Velocity boundary layer thickness, m
3, Thermal boundary layer thickness, m
AP Pressure drop, Pa

Al Log mean temperature difference

£ ' Emissivity; heat exchanger or fin effectiveness
e Fin efficiency

Ne Thermal efficiency

i Dynamic viscosity, kg/m + s or N » s/m’
v Kinematic viscosity = w/p,m’/s

v Frequency, 1/s

p Density, kg/m’

b Relative density

o Stefan-Boltzmann constant

o, Normal stress, N/m>

0, Surface tension, N/m

T Shear stress, N/m’

T Transmissivity; Fourier number

1, Wall shear stress, N/m’

(¢] Dimensionless temperature
Subscripts

atm Atmospheric

b Boundary; bulk fluid

cond - Conduction

conv Convection

cyl Cylinder

e Exit conditions
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! Saturated liquid; film

i Inlet, initial, or indoor conditions
i ith component

1o i

m Mixture

o Outlet or outdoor conditions

rad Radiation

s ‘Surface

surr Surrounding surfaces

sat Saturated

semi-inf Semi-infinite medium

sph Sphere

sys System

v Water vapor

1 Initial or inlet state

2 Final or exit state

* Far from a surface; free-flow conditions
Superscripts

(over dot) Quantity per unit time




