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Engineering Thermodynamics and Heat Transfer

Chapter 1 Preface

1.1 Energy Resources and Utilization of Thermal Energy

In nature,all kinds of activities concern mass and energy interactions. Human being
can not survive and develop without fuels. The exploration and utilization of various kinds
of energy resources prompt the development of social productivities of human being. And
the energy consumption condition indicates the situation of productivities to some extent.

There are large amount of energy resources, such as wind-power resources, water-
power resources, chemical energy stored in fuels, solar energy, geothermal energy and
nuclear energy,etc. At present,wind resources,solar energy and tidy energy technologies
are encouraged to be used at home and abroad to maintain sustainable development.
However,in a very long term,the mineral fuels such as coal, crude oil and natural gases
will be in domination at domestic. And the exploration of nuclear energy will be
strengthened. Fig. 1-1 tells us the energy conversion from various kinds of energies into
thermal energy is a very important step before they are finally used. Therefore,it is very
important to use the thermal energy emitted by combustion of fuels or by fission or fusion
of nuclear energy efficiently to achieve sustainable energy utilization.

There are two ways to use the thermal energy emitted by fuel combustion. One is
using thermal energy directly. For example,during the process of melting, heating,drying
and fractionating,etc,thermal energy is used directly, There are many facilities, in which
thermal energies are used directly, such as, furnaces, boilers, heaters, condensers,
evaporators and chillers, and so on. The other way is indirect utilization, that is, to
transform thermal energy into mechanical energy or electricity through turbines and power
generators. For example, equipment in steam power plants, gas-turbine, engine of rocket,
internal combustion engines, etc. , can be used to accomplish energy conversion. Most of
thermal energy is used indirectly. Since the first industrial revolutionary aroused by the
invention of steam engines, the productivities have developed greatly.

An important issue is how to efficiently transform thermal energy into mechanical
energy or electricity by indirect use of thermal energy. For instance,only 25% of thermal
energy can be transformed into power in simple thermal power plants. Even in large
installations, the energy transformation efficiency can only reach about 40%. There is still
60%~75% of thermal energy can not be used but discharged to rivers, lakes, seas and

040
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Fig. 1-1 Utilization of Thermal Energy

atmospheric air. This part of thermal energy which is not used effectively is called waste
heat. Another example, the effectiveness of thermal energy utilization is even less in
vehicles, locomotives, air-crafts and steamboats, etc. The exhaust gases from these
equipments include a large amount of harmful substances. This has brought severe
pollution on the environment. Thus, how to improve thermal efficiency of these
equipments is the most important thing,to which we should pay attention.

The amount of fuels burned when thermal energy is used directly is also very huge.
Thus,it is very important to save fuels. Thus,how to effectively accomplish heat transfer
in heat exchangers is another key topic we are facing. This topic will be introduced in the
branch of Heat Transfer.

Economy can not develop without direct and indirect use of thermal energy.
However,the amount of mineral fuels is limited. Thus,how to improve thermal efficiency
and how to save energy are critical research topics worldwide. Therefore,it is necessary to
study thermodynamic properties of substances and the rules which govern thermal energy

transformation and transfer.

1.2 Main Contents and Study Methods of Engineering
Thermodynamics & Heat Transfer

It is indispensible to converse thermal energy into mechanical energy without some
installations and working medium. The working medium can flow through the installations
and output expansion work through volume changes. Therefore, the generally used
working mediums are gaseous substances. In the course of Thermodynamics,it is to study

.5-



Engineering Thermodynamics and Heat Transfer

thermodynamic systems, thermal equilibrium states, thermodynamic processes,
thermodynamic cycle and working medium to better the performance of heat engines,
refrigerators and heat pumps and to improve the thermal efficiency and energy utilization
effectiveness. Therefore, the characteristics of thermodynamic processes will be studied
based on the fundamental laws of thermodynamics. And thermo-physical properties of
gases and fluids will be introduced as well as the law governs phase change processes,such
as evaporation and condensation. Chemical reaction processes,such as combustion, melting
and resolving are involved in practice. These may concern some basic knowledge of
Chemical Thermodynamics. Thus, the following three parts will be introduced in
Thermodynamics: ) Two fundamental laws of thermodynamics—The first law and the
second law of thermodynamics; @ Thermodynamic properties of working mediums
commonly used; 3) Thermodynamic processes, cycles and the ways to improve thermal
efficiency.

Heat transfer describes the exchange of thermal energy, between physical systems
depending on the temperature and pressure, by dissipating heat. Systems which are not
isolated may decrease in entropy. Most objects emit infrared thermal radiation near room
temperature. The fundamental modes of heat transfer are conduction or diffusion,
convection,advection and radiation.

The exchange of kinetic energy of particles through the boundary between two
systems which are at different temperatures from each other or from their surroundings.
Heat transfer always occurs from a region of high temperature to another region of lower
temperature. Heat transfer changes the internal energy of both systems involved according
to the First Law of Thermodynamics. The Second Law of Thermodynamics defines the

concept of thermodynamic entropy,by measurable heat transfer.
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