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1.1 Basic Concepts of Thermodynamics

1.1.1 Thermodynamic Systems

Most applications of thermodynamics require that the system and its sur-
roundings be defined. A thermodynamic system is defined as a region in space
or quantity of matter bounded by a closed surface. The surroundings include

everything external to the system, and the system is separated from the



surroundings by the system boundaries. These boundaries can be either mova-
ble or fixed, either real or imaginary. A thermodynamic system exchanges
matter and energy (heat or work ) with surroundings.

Acorrding to the nature of the boundaries, we can classify a thermody-
pamic system as a closed system, an open system, or an isolated system.
When the boundaries of a system are such that the system cannot exchange
matter with the surroundings, the system is called to be a closed system
(Fig. 1-1(a)). The system, however, may exchange energy in the form of
heat or work with the surroundings. The boundaries of a closed system may be
rigid or variable, but the mass of a closed system cannot change. Hence, the
term control mass sometimes is used for this type of system. When the energy
crossing the boundaries of a closed system is zero or substantially so, the sys-

tem may be treated as an isolated system(Fig. 1-1(b)).

Control
volume
Work Work = zero |
T T Lol
3 Fluid
1 Heat Heat=zero
(a)Closed system (b)Isolated system (c)Open system

Fig. 1-1 Types of systems

In most engineering problems, matter, generally a fluid, crosses the
boundaries of a system in one or more places. Such a system is known as an
open system(Fig. 1-1(c)). The boundaries of an open system are so placeable
that their location does not change with time. Thus, the boundaries are en-
closed by a fixed volume, commonly known as the control volume.

Sometimes a system may be a closed system at one moment and an open
one the next. For example, considering the cylinder of an internal combustion
engine with the boundaries at the inner walls, with the valves closed, the sys-
tem is a closed one. However, with either or both of the valves open, the sys-
tem becomes an open one.

Regardless of a system is a closed system or an open one, if only no (or



practically no) heat crosses the boundary, such a system is also defined as an

isolated system(adiabatic system).
1.1.2 Thermodynamic Properties

A property of a system is any observable characteristic of the system. The
state of a system is defined by listing its properties. The most common ther-
modynamic properties are temperature(T), pressure(P) and specific volume
(V) or density (p) . Additional thermodynamic properties include entropy,
stored forms of energy and enthalpy.

Frequently, thermodynamic properties combine to form new properties.
Enthalpy(h), a result of combining properties, is defined as:

h=U-+PV (1-1
where U—internal energy
P—pressure
V—specific volume
Each property in a given state has only one definite value, and every property
always has the same value for a given state, regardless of how the substance
arrived at that state.

A process is a change in state that can be defined as any change in the
properties of a system. A process is described by specifying the initial and final
equilibrium states, the path(if identifiable)and the interactions that take place
across the system boundaries during the process. A cycle is a process, or more
frequently, a series of processes wherein the initial and final states of the sys-
tem are identical. Therefore, at the conclusion of a cycle all the properties have
the same value they had at the beginning.

Energy is the capacity for producing an effect, and can be categorized into
either stored or transient forms. Stored forms of energy include:

Thermal (internal) Energy, U—the energy ( possessed by a system)
caused by the motion of the molecules and/or intermolecular forces;

Potential Energy, P. E. —the energy (possessed by a system) caused by
the attractive forces existing between molecules, or the elevation of the sys-

tem:



P.E. =mgz (1-2)
where m —mass
g —local acceleration of gravity
z —elevation above a horizontal reference plane

Kinetic Energy, K. E. —the energy (possessed by a system) caused by
the velocity of the molecules;

K.E. =mv?/2 (1-3)
where m —mass
v —velocity of the fluid streams crossing system boundaries

Chemical Energy, E.—energy (possessed by the system) caused by the
arrangement of atoms composing the molecules.

Nuclear(atomic) Energy, E,—energy (possessed by the system) from the
cohesive forces holding protons and neutrons together as the atom’s nucleus.

Transient energy forms include;

Heat, Q—the mechanism (that transfers energy across the boundaries of
systems with differing temperatures), always in the direction of the lower tem-
perature. '

Work, W—the mechanism that transfers energy across the boundary of
systems with differing pressures(or force of any kind), always in the direction
of the lower pressure;if the total effect produced in the system can be reduced
to the raising of a weight, then nothing but work has crossed the boundary.
Mechanical or shaft work, is the energy delivered or absorbed by a mechanism,
such as a turbine, air compressor or internal combustion engine.

Flow work is energy carried into or transmitted across the system bounda-
1y because a pumping process occurs somewhere outside the system, causing
fluid to enter the system. It can be more easily understood as the work done by
the fluid just outside the system on the adjacent fluid entering the system to
force or push it into the system. Flow work also occurs as fluid leaves the sys-
tem. |

Flow work(per unit mass) =PV (1-4)
where P is the pressure and V is the specific volume, or the volume displaced

per unit mass.



1.2 The Fundamental Laws of Thermodynamiés

1. 2.1 The First Law of Thermodynamics

Energy can be changed from one form to another, but it cannot be created
or destroyed. The total amount of energy and matter in the Universe remains
constant, merely changing from one form to another. The First Law of Ther-
modynamics (Conservation) states that energy is always conserved, it cannot
be created or destroyed. IB essence, energy can be converted from one form in-
to another.

It is typical for thermodynamics texts to write the first law as equation:

Q=AU+W (1-5)
where Q—heat added to the system
AU—change in internal energy
W—work done on or by the system

It is the general statement of the first law of the thermodynamics, of
course—the thermodynamic expression of the conservation of energy principle.

In the context of physics, the common scenario is one of adding heat to a
volume of gas and using the expansion of that gas to do work, as in the push-
ing down of a piston in an internal combustion engine, or as in the steam tur-
bine. In the context of chemical reactions and process, it may be more common

to deal with situations where work is done on the system rather than by it.
1.2.2 The Second Law of Thermodynamics

The second law of thermodynamics is a general principle which places con-
straints upon the direction of heat transfer and the attainable efficiencies of
heat engines. In so doing, it goes beyond the limitations imposed by the first
law of thermodynamics. Its implications may be visualized in terms of the wa-

terfall analogy.



If you are
constrained
to put your
waterwheel
half-way

up the
waterfall,
then you can
extract at
most half of
the available

energy

0K

Ifa 600 K
heat engine
must exhaust
heat at 300 K,
then it can be
at most 50%
efficient

The maximum efficiency which can be achieved is the Carnot efficiency.

Second Law of Thermodynamics: It is impossible to extract an amount of

heat Qy from a hot reservoir and use it all to do work W. Some amount of heat

Qc must be exhausted to a cold reservoir. This precludes a perfect heat engine.

This is sometimes called the “first form” of the second law, and is referred

to as the Kelvin-Planck statement of the second law.

All real heat
engines lose
some heat to

the environment

Efficiency
w Q H Qc

@y

Maximum for the
Carnot cycle

Extracting heat g,
and using it all to
do work W would
constitute a perfect

~ heat engine forbidden

by the second law

Second Law of Thermodynamics: It is not possible for heat to flow from a

colder body to a warmer body without any work having been done to accom-

plish this flow. Energy will not flow spontaneously from a low temperature

object to a higher temperature object. This precludes a perfect refrigerator.

The statements about refrigerators apply to air conditioners and heat pumps,

which embody the same principles. This is the “second form” or “Clausius

statement” of the second law.



All real

refrigerators Spontaneous flow of
require heat from a cold area
work to to a hot area would
get heat to constitute a perfect
flow from refrigerator,forbidden
a cold area by the second law

to a warmer

area

1.3 General Characteristics of Heat Transfer

From the study of thermodynamics, you have learned that energy can be
transferred by interactions of a system with its surroundings. These interac-
tions are called work and heat. However, thermodynamics deals with the end
states of the process during which an interaction occurs and provides no infor-
mation concerning the nature of the interaction or the time rate at which it oc-
curs. The objective of this section is to extend thermodynamic analysis through
study of the modes of heat transfer and through development of relations to
calculate heat transfer rates.

What is heat transfer? Heat transfer (or heat) is energy in transit due to a
temperature difference. Whenever there exists a temperature difference in a
medium or between media, heat transfer must occur.

How is heat transferred? Heat is transferred from one region to another
by three modes: conduction, convection and radiation. When a temperature
gradient exists in a stationary medium, which may be a solid or a fluid, we use
the term conduction to refer to the heat transfer that will occur across the me-
dium. In contrast, the term convection refers to heat transfer that will occur
between a surface and a moving fluid when they are at different temperatures.
All surface of finite temperature emit energy in the form of electromagnetic
waves. Hence, in the absence of an intervening medium, there is net heat
transfer by radiation between two surfaces at different temperatures.

In conduction and convection, heat transfer takes place through matter.

For radiant heat transfer, there is a change in energy form from internal energy



at the source to electromagnetic energy for transmission, then back to internal
energy at the receiver. Whereas conduction and convection are affected prima-
rily by temperature difference and somewhat by temperature level, the heat

transferred by radiation increases rapidly as the temperature jncreases.

Extensive Reading

Heat and Work

When hot tea is poured into a cold cup, the tea is cooled and the cup is
warmed;a lump of ice cools a glass of lemonade as itself warms and melts.
From these and many other everyday examples we learn that heat passes readi-
ly from a hot body to a colder one, but not in the opposite direction. This fact -
is important in the study of thermal energy, and is rather grandly known as the
“Second Law of Thermodynamics”. This law was announced in about 1850 by
two men. One was Lord Kelvin, a famous British scientist. The other discov-
erer was Rudolph Clausius, a professor of physics in Berlin, and he stated the
law thus: “heat cannot of itself (that is without the performance of work by
some external agency) pass from a cold to a warmer body”. We shall see that it
follows from this law that the heat energy in the world is continually becoming
less useful to us.

Thermodynamics is the part of science that deals with changes between
heat energy and mechanical work. We have already touched on its first law al-
though we did not call it by that name:it is the law that came from the experi-
ments of Joule and others, and it states that;“When work is transformed into
heat, or heat into work, the quantity of work is mechanically equivalent to the
quantity of heat. ” This is one particular way of saying that energy is neither
gained nor lost, but only changed from one kind to another.

There is another way in which heat energy becomes less useful to us. As
Clausius stated the second law of thermodynamics, it says that energy has to ’
be supplied to transfer heat from a cold body to a hot one. Lord Kelvin put the
law the other way round by pointing out that heat energy can be used to drive

all engine to do mechanical work only by supplying heat to the engine from a



high temperature source, and taking it from the engine at a lower temperature.
For instance, a steam turbine(Fig. 1-2)may take steam from its boiler at about

900 °F, and give it up to its exhaust condenser at 212 °F , the boiling point wa-

ter.
High pressure  Steam pipe
turbine | Low pressure
[ /_\ turbine
Steam | |
from |
boiler
at932 °F Shaft for driving
electric generator

Stem to condenser at 212 °F

Fig. 1-2 Steam turbine
Steam is supplied by the boiler at a temperature of 932 °F, and leaves the exhaust pipe at 212 °F. The

heat energy of the steam is partly converted into mechanical energy which drives all electric generator
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New Words and Expressions

thermodynamics n.
thermodynamic system
entropy n.
thermodynamic properties
enthalpy n.
transient a.
thermal a.
kinetic a.
cohesive a.
cohesive forces
shaft work

specific volume
saturation n.
saturated a.

flow work n.
equilibrium state
elevation n.
acceleration n.
adiabatic process
cyclic process/cycle
categorize 7.
configuration n.
quasi-static process
reversible process
closed system

open system
isolated system

adiabatic system
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2.1 Introduction

2.1.1 Types and Classification of Steam Boiler

Boilers use heat to convert water into steam for a variety of applications.
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