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Chapter One: Introduction

Heat transfer is the science that seeks to predict the energy transfer that
may take place between material bodies as a result of a temperature
difference.

Difference between heat and temperature

 Temperature is a measure of the amount of energy possessed by the
molecules of a substance. It manifests itself as a degree of hotness, and
can be used to predict the direction of heat transfer. The usual symbol for
temperature is T. The scales for measuring temperature in SI units are
the Celsius and Kelvin temperature scales.

 Heat, on the other hand, is energy in transit. Spontaneously, heat flows
from a hotter body to a colder one. The usual symbol for heat is Q. In the
SI system, common units for measuring heat are the Joule and calorie.



Difference between thermodynamics and heat transfer

Thermodynamics tells us:

• how much heat is transferred (δQ)

• how much work is done (δW)

• final state of the system

Heat transfer tells us:

• how (with what modes) δQ is transferred

• at what rate δQ is transferred

• temperature distribution inside the body



Applications

Power Plants

Al-Musayab
Thermal power plants

Kuffa Cement Factory



Applications
Baiji Oil RefineryOil and Gas Industries
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Modes of Heat Transfer

 Conduction
 Convection
 Radiation



Conduction Heat Transfer

An energy transfer across a system boundary due to a temperature difference by the
mechanism of intermolecular interactions. Conduction needs matter and does not require
any bulk motion of matter.
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where qx is the heat-transfer rate (W), A is the heat transfer area (m2) and ∂T/∂x is the
temperature gradient in the direction of the heat flow (C/m). The positive constant k is called
the thermal conductivity of the material (W/m C), and the minus sign is inserted so that the
second principle of thermodynamics will be satisfied; i.e., heat must flow downhill on the
temperature scale, as indicated in the coordinate system of Figure 1-1.

Fourier’s law of conduction



Conduction Heat Transfer

Consider one-dimensional system

Energy Balance

















Reduced Form of The General Equations For Several Cases of Practical Interest.



Heat Conduction

Thermal Conductivity

 Equation (1-1) can be used to determine the thermal conductivity 
experimentally for different materials.

 For gases at moderately low temperatures, analytical treatments in 
the kinetic theory of gases may be used to predict accurately. 

 In some cases, theories are available for the prediction of thermal 
conductivities in liquids and solids

 In general, many open questions and concepts still need clarification.





Thermal Conductivity



Heat Conduction



Convection Heat Transfer

Convection: An energy transfer across a system boundary due to a
temperature difference by the combined mechanisms of intermolecular
interactions and bulk transport. Convection needs fluid matter.



Isaac Newton: (1642-1727)

Convection Heat Transfer

Newton’s law of cooling
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Where h is convective heat transfer coefficient
[W/oC.m2] depends on velocity and thermal
properties of the fluid, A is the heat transfer area (m2),
Ts is the surface temperature (K), and Tf is the bulk
fluid temperature away from the surface (K).
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Convection Energy Balance on a Flow Channel

o i is the enthalpy, m is the fluid mass flow rate, and A is the surface area of the flow channel
in contact with the fluid.



Convection Heat Transfer



Radiation heat transfer involves the transfer of heat by
electromagnetic radiation that arises due to the temperature of
the body. Radiation does not need matter.

Radiation Heat Transfer

The electromagnetic (EM) spectrum is the range of all types of
EM radiation. Radiation is energy that travels and spreads out
as it goes – the visible light that comes from a lamp in your
house and the radio waves that come from a radio station are
two types of electromagnetic radiation. The other types of EM
radiation that make up the electromagnetic spectrum are
microwaves, infrared light, ultraviolet light, X-rays and gamma-
rays.

The electromagnetic spectrum from lowest energy/longest (at
wavelength the top) to highest energy/shortest wavelength (at
the bottom). (Credit: NASA's Imagine the Universe)



Electromagnetic radiation can be described in terms of a stream of mass-less particles,
called photons, each traveling in a wave-like pattern at the speed of light. Each photon
contains a certain amount of energy. The different types of radiation are defined by the
amount of energy found in the photons.

Radiation Heat Transfer

http://imagine.gsfc.nasa.gov/resources/dict_jp.html#photon
http://imagine.gsfc.nasa.gov/resources/dict_qz.html#speed_of_light


Radiation Heat Transfer



Stefan-Boltzmann Law of Thermal Radiation

Radiation Heat Transfer

Thermodynamic considerations show that an ideal thermal
radiator, or blackbody, will emit energy according to:

σ is Stefan-Boltzmann constant =5.669×10 E−8 W/m2K4.



Radiation Heat Transfer

The net radiant exchange between two surfaces:

For real bodies:

where 𝐹𝜖 is the emissivity function, and 𝐹𝐺is the geometric “view factor” function

Radiation in an Enclosure



Radiation Heat Transfer









Three modes: conduction, convection,
and radiation

Summary

The heat conducted through the plate is removed from the
plate surface by a combination of convection and radiation


