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UNIT ONE

Text Basic Concepts and Definitions

1] Most applications of thermodynamics require that the system and its surroundings be
defined. A thermodynamic system is defined as a region in space or a 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 movable or fixed; either real or imaginary.
(2] Two master concepts operate in any thermodynamic system, energy and entropy. En-
tropy (s) measures the molecular disorder of a given system. The more shuffled a system is,
the greater its entropy; conversely, an orderly or unmixed configuration is one of low en-
tropy. ®
[3] 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 system:
P. E. = mg=z (1. D
where
m=1mass
g=local acceleration of gravity
z=celevation above a horizontal reference plane
kinetic energy, K. E. —the energy possessed by a system caused by the velocity of the
molecules
K. E. = mi*/2 1.2
where
m=mass
v=velocity of the fluid streams crossing system boundaries
chemical energy, Ec—energy possessed by the system caused by the arrangement of
atoms composing the molecules.
nuclear ( atomic) energy, Ea—energy possessed by the system from the cohesive forces hold-
ing protons and neutrons together as the atom’s nucleus. ®
[4] Transient energy forms include;
heat, Q —the mechanism that transfers energy across the boundary of systems with dif-
fering temperatures, always in the direction of the lower temperature. ®
work—the mechanism that transfers energy across the boundary of systems with differing
1



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, W,
is the energy delivered or absorbed by a mechanism, such as a turbine, air com-
pressor or internal combustion engine.

Flow work is energy carried into or transmitted across the system boundary because a
pumping process occurs somewhere outside the system, causing fluid to enter the
system. @ Tt 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 sys-
tem. ? Flow work also occurs as fluid leaves the system.

Flow Work (per unit mass ) =Pu (1.3
where P is the pressure and v is the specific volume, or the volume displaced per unit mass.
(5] 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 thermodynamic properties are:
temperature (T, pressure (P) and specific volume (v) or density (p). Additional thermody-
namic properties include entropy, stored forms of energy and enthalpy.

Frequently, thermodynamic properties combine to form new properties. Enthalpy (2), a re-

sult of combining properties, is defined as :
h=u-+ Pv (1. 4

where

=internal energy
p==pressure
v==specific volume

Each property in a given state has only one definite value, and any property always has the

same value for a given state, regardless of how the substance arrived at that state.

(6] 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 system boundaries during the pro-

cess. A cycle is a process, or more frequently, a series of processes wherein the initial and final

states of the system are identical. Therefore, at the conclusion of a cycle all the properties have

the same value they had at the beginning,

[7] A pure substance has a homogeneous and invariable chemical composition. It can exist

in more than one phase, but the chemical composition is the same in all phases.

[8] If a substance exists as vapor at the saturation temperature, it is called saturated vapor.

(Sometimes the term dry saturated vapor is used to emphasize that the quality is 100%). ®

When the vapor is at a temperature greater than the saturation temperature , it is superheated

vapor. The pressure and temperature of superheated vapor are independent properties, since

the temperature can increase while the pressure remains constant. Gases are highly superheat-

ed vapors.

2



New Words and Expressions

thermodynamics [ '8emoaudai'naemiks ] n. o2
entropy [ 'entrapi] n. B (B IF BB
shuffle ['fafl ] vt. HEL, FE
configuration * [ken,figju'reifoan] n. Wik, &l
categorize * [ katigonaiz ] v. B ay2
transient [trzenzisnt ] a. B BEN
thermal * [Ba:mol] a. A
elevation * [ eli'veifon] n. B
acceleration * [ ak,selo'reifon ] n. ) s, mERE
kinetic [kai'netik ] a. gih B B, IR
cohesive [kau'hisiv ] a. 2 E 0]
cohesive forces NES
proton ['prauton ] n. B
neutron [ 'njutron n. th 7
mechanism * [ 'mekonizom ] n. LR, TIREH
shaft * [fa:ft] n. #h
compressor [ ka:m'presa | n EZ&H, ESH
combustion [kom'bastfon ] n. e
adjacent * [o'dzeisont ] a. K, BHAHEER
specific volurne 3
displace [dis'pleis ] vt H# KO
enthalpy [en'fzlpi] n 1
equilibrium * [i:kwi'libriom ] n. Y6, g
homogeneous * [ho'mod3inas ] a. b.oten]: i
saturation [,satfo'reifon] n. A CRZED
saturated ['seet[oreitid ] a. HIFN

Notes
(DThe more shuffled. .. the greater...: Xf& “#f--- Flleeeeen ” AR,

@... the motion of the molecules and/or intermolecular forces: [ Eif#H... the motion of
the molecules and intermolecular forces ) % the motion of the molecules or intermolecular
forces.

@)... energy possessed by... forces holding. .. together as the atom’s nucleus. .
possessed by. .. forces 3F =& BVEEIEBE energy; holding . .. as... BIERHEIE
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YE £ 1518 cohesive forces,

@). .. the mechanism that transfers. .. with. .., always in the direction of the lower tempera-
ture;
) that 3R A £ 1B W 0B mechanism ; with & 1E &1 systems; always in the direction
of... $1EAM transfers,

®... nothing but; B#,

®). .. a pumping process occurs somewhere outside the system, causing fluid to enter the sys-
tem
causing. .. MZESiA%1E/E a pumping process ... the system (%5 BARIE.

D... thework... on...; Xfe--fHIh.

®quality : A3CiFHTHE.

Exercises

Reading Comprehension

[ . Match Column A with Column B according to the text.

A B

1. A thermodynamic system a. Energy possessed by the system from the cohe-
sive forces holding protons and neutrons togeth-
er as the atom’ nucleus.

2. Entropy b. Energy possessed by the system caused by the
arrangement of atoms composing the molecules.

3. Energy c. The energy possessed by a system caused by the
velocity of the molecules.

4. Thermal (internal) energy d. The energy possessed by a system caused by the
attractive forces existing between molecules, or
the elevation of the system

5. Potential energy e. The energy possessed by a system caused by the

motion of the molecules and/or intermolecular

forces.

6. Kinetic Energy f. The capacity for producing an effect.

7. Chemical energy g- Measures the molecular disorder of a given sys-
tem.

8. Nuclear (atomic) energy h. a region in space or a quantity of matter bound-

ed by a closed surface.

I . Separate the two types of properties according to the text.



temperature, entropy, pressure, specific volume

stored forms of energy and enthalpy,

1. The most common thermodynamic properties are:
2. Additional thermodynamic properties include:
I . Do the following exercises according to the text.

1. Skim through the text and complete the following table.

Stored forms Transient forms

1 1
2) ‘ 2)
3) 3)
4)
5)

2. Give the definitions to the following terms.
1) Heat
2) Work
3) Mechanical or shaft work
4) Flow work

3. Fill in the blanks with the information given in the last three paragraphs:

1) What is a process?

(a) A process is a change in state

(b) A process is described by

2) What are the saturated vapor and superheated vapor?

(a) If a substance it is called .
(b) When the vapor is it is
Vocabulary

I . Find words in the text which mean almost the same as the following.

1. Para. 2: being mixed in a mass confusion ( )

2. Para. 2: not lasting or staying long ( )

3. Para. 3: of or relating to the motion of material bodies and the forces and energy associ-
ated therewith ( )




4. Para. 4. the process of burning ( )

5. Para. 7. the state of being saturated ( )

Now use the words you have found to complete the following sentences. Change the forms if
necessary.

6. The more a system is, the greater difficulty it will have in its operation.

7. We have several kinds of engines and internal engine isone of them.

8. A substance can exist as vapor at the temperature,

9 energy is one kind of stored forms of energy.

10. Heat, work, mechanical or shaft work and flow work are includedin the

energy forms.

=

. Fill in the blanks with the words given below. Change the forms if necessary

'elevation, categorize, acceleration, adjacent, homogeneous

1. The house is at an of 2000 meters.

2.The  of decay is caused by enzymes.

3. They liveinthe  rooms in the same building.

4. The students are helping the librarians to _ all the books into several kinds.
5. A and invariable chemical composition is indispensable in a pure substance.

Reading Material A

Thermodynamic Systems

In the engineering world, objects normally are not isolated from one another. In most en-
gineering problems many objects enter into a given problem. Some of these objects, all of these
objects, or even additional ones may enter into a second problem. The nature of a problem angi
its solution are dependent on which objects are under consideration. Thus, it is necessary to
specify which objects are under consideration in a particular situation. In thermodynamics this
is done either by placing an imaginary envelope around the objects under consideration or by
using an actual envelope if such exists. © The term system refers to everything lying inside the
envelope. The envelope, real or imaginary, is referred to as the boundaries of the system. It is
essential that the boundaries of the system be specified very carefully. For example, when one
is dealing with a gas in a cylinder where the boundaries are located on the outside of the cylin-
der, the system includes both the cylinder and its contained gas. # On the other hand, when
the boundaries are placed at the inner face of the cylinder , the system consists solely of the gas
itself.

When the boundaries of a system are such that it cannot exchange matter with the sur-
roundings, the system is said to be a closed system (see Fig. 1-1a). ® The system, however,
may exchange energy in the form of heat or work with the surroundings. The boundaries of a

6



closed system may be rigid or may expand or contract, 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 system may be
treated as an isolated system® (Fig. 1-14).

In most engineering problems, matter, generally a fluid, crosses the boundaries of a sys-
tem in one or more places. Such a system is known as an open system ( see Fig. 1-1¢). The
boundaries of an open system are so placed that their location does not change with time.
Thus, the boundaries enclose 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, consider the cylinder of an internal combustion engine with the boundaries at the in-
ner walls. With the valves closed, the system is a closed one. However, with either or both of

the valves open, the system becomes an open system. ®

* Work ’ Work = zero Control
T r wolume
Al
[ Fluid
= |
p— =
’ Heat ’ Heat = zero —J

(a) (b) (c)
Fig-1-1 Types of systems
(a) Closed system (b) Isolated system (¢) Open system
Frequently the total system to be considered may be large and complicated. The system
may be broken down into component parts and an analysis of the component parts made. Then
the performance of the entire system can be determined by the summation of the performance
of the individual component systems. For example, consider the liquid-vapor part of a steam
power plant as an entire system. ©® This system, which is closed, contains the steam generator,
the steam turbine, the steam condenser, the feed-water pumps, and the feed-water heaters.
Any or all of these units may be considered separately by throwing a boundary around them. @
Since a fluid enters and leaves each of these smaller systems, each ope is an open system and

must be analyzed as such.
Notes
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Reading Material B

Pressure

Pressure is defined as the force acting on a unit area. When a force is exerted on a fluid,
this force is transmitted throughout the fluid. If the fluid is stationary, the pressure within the
fluid is uniform throughout the fluid, if we neglect the force of gravity action on the fluid. The
fluid exerts a pressure on its containing walls which, in turn, exert the same pressure on the
fluid. @

In the SI system , pressure is expressed in newtons per square meter (N/m?).® This unit
of pressure is sometimes called the pascal (Pa). Expressed in fundamental SI units, the dimen-
sions of the pascal kg/m-s*.® In the English system, pressures are expressed generally in
pounds per square inch (psi).

Thermodynamically speaking, there is only one kind of pressure and that is absolute pres-
sure. Although there are devices available to measure absolute pressures, most pressure mea-
suring devices measure pressure differences.

A very common pressure measuring device is the Bourdon-tube type of pressure gage.®
Fundamentally, this gage consists of a coiled elliptical tube that is fixed at one end and free to
move at the other end. The pressure to be measured is transmitted to the inside of the tube.
There will be movement of the free end of the tube when the pressure within the tube differs
from that outside the tube. The movement of the tube is transmitted to the needle of the gage.
Because the pressure on the outside of the tube is atmospheric, the reading on the gage is the
pressure above or below that of the atmosphere. In general, then, gage pressure is defined as
the pressure above or below that of the atmosphere.

Another type of pressure device is the manometer. The U-tube type of manometer is il-
lustrated in Fig. 1-2 . Here the fluid pressure to be measured is balanced against the weight of
a column of a liquid. Liquids commonly used for this purpose are water, mercury, and special
manometer oil. A knowledge of the specific weight, or the weight per unit volume, of the flu-
id and the height of the column that balances the pressure permits the determination of the
pressure. Thus, the product of the specific weight in pounds per cubic inch and 4he column
height in inches equals the pressure in pounds per square inch. ® In general terms, since the

8



force exerted by liquid, F=W =wV =wAz, then

where p=pressure
w=specific weight

_z=column height

Atmosoheric /(__)"i
Pressure
pressure

being measured

FTTTPTpeT

TTTT

1
d

[ITIIJIIII

«

Fig. 1-2 U-tube type of manometer

p=T e (1.5)

area

In Eq. 1. 5, the units of pressure will be fixed by the
selection of the units of specific weight and the column
height. ,

The atmospheric pressure must be added to the
gage pressure to obtain the true or absolute pressure.
Barometers generally are used to determine the atmo-
spheric pressure. Hence, atmospheric pressure fre-
quently is referred to as the barometric pressure. Stan-
dard atmospheric pressure ( i. e. , pressure of the stan-
dard atmosphere) is defined as being equivalent to a
mercury column 760 mm high, where the mercury has
a temperature of 0°C. ® This is equivalent to a pressure
of 14. 6960 psi.

When the pressure is less than atmospheric, a vac-
uum is said to exist. The magnitude of the vacuum de-

notes how much the pressure is below that of the atmo-

sphere. Vacuum generally is expressed as the height of a mercury column.

Notes

ORPRxI A REMINE Sy, T2 25 B2 W) S0 FUAHE D045 .

@SI. Eprpfrf.

@BEH LA NN F ), ARANBERREMNER, WHEHEIOYT /K -

2.

@®the Bourdon-tube type of pressure gage: M$EBE f1it, HRE (B EHit.
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UNIT TWO

Text Application of the Principles of Thermodynamics
to Steady-Flow Components of Engineering Systems

[1] Many complex engineering systems operate with steady or periodic flow which simpli-
fies the thermodynamic analysis. The systems are constructed by interconnecting steady-flow
components which are grouped into four classes according to function: (1) shaft work ma-
chines, (2) nozzles and diffusers, (3) throttles, and (4) heat exchangers. An understanding
of the behavior of these components is the key to understanding the thermodynamic plants dis-
cussed in the next chapter. ©
[2]  Our objective in this chapter is to determine the thermodynamic behavior of the compo-
nents of each class by applying the principles of thermodynamics to a control volume containing
the component. This approach yields the “black box” characteristics of the component that
must be known in order to evaluate the performance of the complete system.® This does not
mean that the principles of thermodynamics do not apply or are not useful in determining the
detailed internal processes of the component. On the contrary, in designing such a component,
thorough consideration must be given to the complex internal processes; however, the analysis
of these internal processes is outside the scope of our present objective.
[3] The analysis of this chapter is based on the equations for steady flow for the control vol-
ume with one inlet port and one exit port . In addition it will be useful to consider a control
volume of infinitesimal extent in the direction of flow.® The fluid experiences an infinitesimal
change of state between inlet and outlet in response to infinitesimal rates of heat transfer and
shear work transfer. Thus we can get differential relations .
%—m—h——m=dh+vdv_—gdz
[4]  The analysis will be illustrated by application to the flow of an incompressible fluid, the
flow of an ideal gas, and to the flow of a pure substance in two phase states. These cases illus-
trate the basic behavior of each of four classes of steady-flow components.
[5] The first class of components is comprised of machines which change the state of a
stream by positive or negative shaft work transfer. Machines with positive shaft work transfer
are commonly called turbines, reciprocating engines, expanders, or fluid motors, depending
upon the application and the method of developing the pressure forces that produce the shaft
work transfer. Machines with negative shaft work transfer are commeonly called compressors,
pumps, or fans depending upon the application.
[6] The operation of a shaft work machine does not depend upon the attainment of thermal
equilibrium between the flowing fluid and the walls of the apparatus; consequently, the rate of
work transfer is not limited by the relatively slow thermal conduction process. Rather, the
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