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1. Introduction to Power Plants

The aim of the lecture is to convey a general
overview of power plant technology
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1. Introduction to Power Plant Technology

1.1. Energy Resources

The primary energy resources are:
= Fossil fuels
* Nuclear fuels (uranium and thorium) N
) o on-renewable energy resources
* Nuclear fusion (hydrogen, lithium)
- Geothermal energy, ~
« Solar thermal energy
* Photovoltaic
= Hydro power energy
- Biomass energy >' Renewable energy resources
= wind energy
= Tidal and wave energy
. Fuel cells S
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1. Introduction to Power Plant Technology

Forms of energy

Energy can exist in numerous forms
- Thermal
= Mechanical
- Kinetic
= Potential
- Electric
- Magnetic
« Chemical
* Nuclear

Useful forms of energy
- Electrical
- Heat or Thermal
. Mechanical
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1. Introduction to Power Plant Technology

Different factors are affecting the conversion and utilization of the primary
energies in the form of useful energy

Productivity and availability

Potential environmental damages
(Land use, anthropogenic greenhouse gas emissions, etc.)

Utilization risk to humans

Effectiveness of use (efficiency factor, capacity factor or yield
factor)

State of the technology of the conversion process
Economic value

etc.
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1. Introduction to Power Plant Technology

Energy Units

1kJ =103 J
1 MJ =10¢J
1GJ=10°J
1TJd=1012J
1 PJd=1075J

1 Btu (British Thermal Unit) 1.05506 kJ
1 Therm 0.105506 GJ
1 calorie 4.1868 J

1 Kkcal (or Kal) 4.1868 kJ
1 tonne coal equivalent (UK)" 24 GJ

1 tonne coal equivalent (EC) 29.4 GJ

1 tonne oil equivalent 46 GJ

1 barrel of oil 6.7 GJ

1 gallon (UK) oil 192 MJ

1 _litre oil 42 MJ

1 tonne peat 14 GJ

1 tonne wood 15-20 GJ

1 cumgas 38 MJ

1 kKWh 3.6 MJ

1 MWh 3.6 GJ

1 GWh 3.6 TJ

1 TWh 3.6 PJ
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1. Introduction to Power Plant Technology

1.2. World Energy Statistics: An Overview
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1. Introduction to Power Plant Technology

Increase in World Primary Energy Demand by Fuel in the

Reference Scenario
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1. Introduction to Power Plant Technology

1.5. Requirements for Power Plants
Energy issues are complex and involve an understanding of the following

topics
PHYSICAL

ENERGY
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1. Introduction to Power Plant Technology

1.6. Classification of Power Plants
Power plant types are classified according to the following criteria:

Classification based on conversion processes (hot, cold)
- Hot power plants (conventional, nuclear)
- Cold power plants (water, wind)

Classification based on energy input (primary energy)
- Hard coal power plants
- Brown coal power plants
- Natural gas power plants
- Oil power plants
- Nuclear power plants
- Running water and pumped storage power plants

- Power plants for renewable energy (except hydro power plants)
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1. Introduction to Power Plant Technology

Classification based on power generating unit (machine)

Example fossil fuel power plants

Gas turbine power plants

Steam turbine power plants

Gas and steam turbine power plants
Combined cycle power plants

Motorized (block heated) power plants

Power Plants
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1. Introduction to Power Plant Technology

1.7. Planning, Construction and Operation of Power Plants

Project
Planning
and Analysis

Equipment

Procurement I l

Conceptual

—) Design

Detailed
Design
Engineering

Construction Construction
»| Specification and — and Startup

Contracting

Planning of a new power plant should consists of:
- fuel supply studies
- system planning studies
- sitting evaluation

- transmission planning analysis
- environmental feasibility analysis

- economic and financial feasibility analyses

Conceptual design consists of
systematically defining and evaluating the
basic conditions and constraints applicable
to a specific electric generating plant

Detailed design includes determining the
technical requirements for all plant
components. It includes:

- equipment sizing

- reliability constrainis

- performance requirements, and

- codes and standards

Power Plants
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Location of Power Plants (P.K Nag)

 For Conventional Thermal Power Plants, following factors are to be considered,

1.

=

S AW

SoxH

Availability of cooling water (if cooling towers are used the possibility
of adequate make-up water).

Availabibity of fuel (water, rail or pipe connection to the fuel source, and
the cost of fuel transport).

Distance from the centre of gravity of load demand.

Cost of land (including space for extension, maintenance workshop and
storage vard).

Character of soil. )

Main wind direction and water currents in cooling water source (sea,
leke or mver) 1n order to mimmize air and water pollution, and other
ecological considerations.

With coal-fired stations, disposal of ash.

If the plant 1s erected far from a town, accommodation for staff.

Rail and road connections.

Security considerations.



Location of Power Plants (P.K Nag)

For nuclear power plants two additional factors are to be considered.

[1. Density of population in the vicinity,
12. Danger of earthquakes.
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2. A Review to Thermodynamics

Chapter Two:
Review of Basic Thermodynamics:
Basic Concepts and Definitions
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2. A Review to Thermodynamics

2.1. Basic Definitions

e Thermodynamics can be defined as the science of energy.
e Thermodynamics deals with:

- the relationship between work, heat, and energy.

- the conversion of energy from one form to another.

- the interaction of a system and it surroundings.

Application of thermodynamics
in power plants

Tvypical components of coal fired power plants
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2. A Review to Thermodynamics

= System - contains a fixed quantity of matter under study in a given boundary
= Surroundings - everything outside the system boundary.
= The boundary of a system can be fixed or movable.

— The boundary is the contact surface shared by both the system and
the surroundings.

— Mathematically, the boundary has zero thickness, and thus it can
neither contain any AIR HEAT
mass Nor occupy any (Hat engine Biasy
volume in space. I |

________________

SYSTEM l: WORK

(drive shaft)

: | H
Surroundings A

Sysrem boundary

EXHAUST GAS
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2. A Review to Thermodynamics

 Closed System — (also known as a control mass) consists of a fixed
amount of mass, and no mass can cross its boundary.

— That is, no mass can enter or leave a closed system, but energy in
the form of heat or work can cross the boundary.

— Example: piston-cylinder assembly

| H 1 pPISTON Energy conservation

| SXETEM | | q-— CXLINDER O=AU+W

ENERGY {ZZ > < 1 ©As

« Isolated System - does not interact with its surroundings- no mass,
heat or work will cross its boundaries
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2. A Review to Thermodynamics

- Open System (Control Volume) - is a properly selected region in

space. In this system energy as well as mass can cross the system
boundary (control surface).

= It usually encloses a device that involves mass flow such as a
compressor, turbine, or nozzle.

eg. l AIir in
an autombile i ]
engine ! !_
Fuel in —— Sl _l
—_— & |
I
I Automobile Engine | /\ .\/—\:
Drive l /\5 l
shaft 2 1 i o
=/ E
Exhaust I _J \/
e ! }— L Boundary (control surface)
<t 9 1 Y
L —
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2. A Review to Thermodynamics

An open system allows both mass and energy flow through it. As a
result, the mass and energy may vary with time

Mass dm A .

conservation g S mi— 2> 1e

Energy - . JE . 2 | .

conservation O+ > omie( . + é + gz;) = 77 + 2 me(h, + é gz Y- W
C

For steady state steady flow system

dm
=5
dr
mM; =M. =m
N B - A
O+ 2 m;(h, + s gz,)=2m.(h, + e 2z )+ W
R ; ‘s = i i - = :
q B g =, 1 B, W

—_ pa—

q+h =h +w
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2. A Review to Thermodynamics

Property —any observable macroscopic characteristics of a system which
can be described numerically such as pressure, temperature, mass etc.
- Mathematically it is defined as any quantity that is independent of
the path by which the system arrived to the final condition

= Two types: P A

- Extensive property — depends on e
the size or mass of the system, e.g., A
mass, volume, energy, enthalpy,
entropy

- Intensive property— is independent 1
of the size or mass of system e.g.,
pressure, temperature, density, i

specific enthalpy, specific entropy -Different paths are used to arrive at
2 for the same P, - P,

- Specific properties- are obtained
by dividing extensive properties vV H U S

= — =

with mass. E_g_ 2 wr I 222
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2. A Review to Thermodynamics

- The state of a system is made up of several independent properties
which can fully define the status of the system. In a simple system, a
thermodynamic state can be determined explicitly by two independent

- When any of the properties of a system changes as a result of
interaction with other system or the environment, then the state will
change. At this time the system is and to have undergone a process.

« When a system, after having undergone a series of processes, returns
to its initial state the system is said to have undergone a
thermodynamic cycle.

« In many processes one property may remain constant

Isothermal process
Isobaric process
Isochoric process

Isenthalpic process

Isentropic process

Power Plants

Constant temperature process
Constant pressure process
Constant volume process

Constant enthalpy process

Constant entropy process
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2. A Review to Thermodynamics

- Pure substance systems are formed by a single chemical
composition. Examples are vapor, oxygen, nitrogen, etc.

« Mixture systems involve two or more chemical compositions. Some
examples are air, air fuel mixture, etc.

- Single phase systems are formed by a single physical structure
(solid, liquid or gas) and a single chemical composition. Examples are
ice, liquid water or vapor, a water/alcohol mixture, etc.

- Multiphase systems involve two or more phases either in physical
structure or chemical composition. Some examples are water/vapor
and water/oil mixtures.

= The term steady implies no change with time. The opposite of steady
is unsteady, or transient.

« The term uniform, however, implies no change with location over a
specified region.
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2. A Review to Thermodynamics

2.2. Properties of Pure Substances

- A substance that has a fixed chemical composition throughout is called
a pure substance.

— E.g. Water, nitrogen, helium, and carbon dioxide.

- A pure substance does not have to be of a single chemical element or
compound. A mixture of various elements or compounds also can be a
pure substance as long as the mixture is homogeneous. For example;

— Aiir, is a mixture of several gases, but it is often considered to be a
pure substance because it has a uniform chemical composition

— A mixture of oil and water is not a pure substance. Since oil is not
soluble in water, it floats and forming two chemically dissimilar
regions.

- Mixture of two or more phases of a pure substance is a pure substance
as long as the chemical composition of all phases is the same

— A mixture of ice and liquid water, for example, is a pure substance
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2. A Review to Thermodynamics

2.2.1. Phases of a Pure Substance

« Substances exist in different phases, i.e.
— Solid,
— Liquid, or
— Gas

« A phase is identified as having a distinct molecular arrangement
that is homogeneous throughout and separated from the others by
easily identifiable boundary surfaces.

= There are many practical situations where two phases of a pure
substance coexist in equilibrium.

— Water exists as a mixture of liquid and vapor in the boiler and the
condenser of a steam power plant.
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2. A Review to Thermodynamics

2.2.2. Phase change of pure
substance, e.g. water

- 1-2: compressed liquid, or a
subcooled liquid, meaning that it
is not about to vaporize.

- Point 2: Saturated liquid meaning
a liquid that is about to vaporize

- Between 2 and 4: saturated liquid-
vapor mixture; liquid and vapor
phases coexist in equilibrium

- Point 4: Saturated vapor meaning
a vapor that is about fo condense

- Beyond point 4: superheated
vapor

300 —

2 Saturated

) W

100

mixture

T-v diagram for the heating process
of water at constant pressure.

<\
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2. A Review to Thermodynamics

2.2.3. Saturation Temperature and Saturation Pressure

= The temperature at which water starts boiling depends on the
pressure; therefore, if the pressure is fixed, so is the boiling
temperature.
P kPa

sat-
A

« At a given pressure, the
temperature at which a pure
substance changes phase is called coo-
the saturation temperature 7.

- Likewise, at a given temperature, “‘%°

the pressure at which a pure
substance changes phase is called 299
the saturation pressure P;.

0 | | |

0 50 100 150 200 T...°C

The liquid—vapor saturation curve
of water
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2. A Review to Thermodynamics

2.2.4. Property Diagrams for Phase-Change Processes of Water

- T-v diagram of constant-pressure phase-change processes

" ol Os

\}‘\Saluralcd Ssluralcd/

liguid vapor

0.003106 v. m kg
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2. A Review to Thermodynamics

States and change of phases of a pure substance (eg. water)

- Saturation temperature
- Saturation pressure

- Compressed liquid

- Saturated liquid

- Saturation region
(mixture of vapor and
liquid in equilibrium)

» Saturated vapor

» Superheated vapor

10MPa

H
/ )
G
0.1MPa <
- # >\
M/ 1 Saturated-liquid line Satirated-vapor line

Volume

Temperature

Temperature-volume diagram for water
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2. A Review to Thermodynamics

= The T-v Diagram

T
- Saturation temperature Critical ~

point -

e Saturation pressure

- Compressed liquid T —

. ) EEREEE e —— ' b
- Saturated liquid REGION SUPERHEATED
VAPOR
REGION

- Saturation region
(mixture of vapor and
liquid in equilibrium)

SATURATED
LIQUID-VAPOR
REGION

‘s‘”UFulg q

 Saturated vapor

- Superheated vapor

v
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2. A Review to Thermodynamics

 The P-v Diagram

P

Critical
point

SUPERHEATED

. . VAPOR
Y RTINS ! REGION
COMPRESSED! "
LIQUID T
REGION -

SATURATED
LIQUID-VAPOR
REGION
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2. A Review to Thermodynamics

- P-v diagram of a substance that contracts on freezing

1)

3

SOLID

SOLID + LIQUID

LIQUID

Critical
point

LIQUID + VAPOR

Triple line

VAPOR

SOLID + VAPOR

Hasan Izhar Khan



2. A Review to Thermodynamics

P-v diagram of a substance that expands on freezing (such as
water).
P A

Critical
point

VAPOR

SOLID + LIQUID

LIQUID + VAPOR

SOLID

X Triple line

53
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2. A Review to Thermodynamics

These two dimensional phase diagrams are usually used in thermodynamics.
In power plant the T-s and h-s diagrams are frequently used
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2. A Review to Thermodynamics

2.3. Energy

= Energy can exist in numerous forms such as thermal,
mechanical, kinetic, potential, electric, magnetic, chemical, and
nuclear, and their sum constitutes the total energy E of a

system.
= Thermodynamics provides no information about the absolute
value of the total energy.

— It deals only with the change of the total energy, which is
what matters in engineering problems.

— Thus the total energy of a system can be assignhed a value
of zero (E = 0) at some convenient reference point.

— The change in total energy of a system is independent of the
reference point selected.
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2. A Review to Thermodynamics

- |In thermodynamic analysis, it is often helpful to consider the
various forms of energy that make up the total energy of a
system in two groups: macroscopic and microscopic.

= The macroscopic forms of energy are those a system
possesses as a whole with respect to some outside reference
frame, such as kinetic and potential energies.

— It is related to motion and the influence of some external
effects such as gravity, magnetism, electricity, and surface
tension.

- The microscopic forms of energy are those related to the
molecular structure of a system and the degree of the
molecular activity, and they are independent of outside
reference frames.

— The sum of all the microscopic forms of energy is called
the internal energy of a system and is denoted by U.
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2. A Review to Thermodynamics

The magnetic, electric, and surface tension effects are significant
in some specialized cases only and are usually ignored.

In the absence of such effects, the total energy of a system
consists of the kinetic, potential, and internal energies and is
expressed as

V-
E=U+EKE+PE=U+m+ mgz (kJ)
or, on a unit mass basis,
V= :
e = u + ke +pe = u + 4+ P2 (kJ/kg)
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2. A Review to Thermodynamics

Heat and Work

Energy can cross the boundary of a closed system in two distinct

forms: heat and work

Work output/input and heat transfer are
the two principal ways of energy
exchange between a thermodynamic
system and its environment.

The energy contained in ordered
motion (Work) can be totally converted
to random motion (Heat). However, the
energy contained in random motion
can not be totally converted to ordered
motion.

The inequality of the conversion
between heat and work is the basis of
the second law of thermodynamics

System boundary

e e e e o I
|

| =F
' I
| CLOSED :
: SYSTEM  =—F
' |
: (rnn = constant) :
I I
| I
S U Ty S — A

>
a

Work

f
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2. A Review to Thermodynamics

Heat

= Heatis a form of energy that is transferred across the boundary
of a system to another system or surroundings due to a
temperature difference existing between them

 Heat transfer is carried out by means of random motion of atoms and

molecules.

= Heat is energy in transition. It is recognized only as it crosses the

boundary of a system.
« Consider the hot baked potato:

 The potato contains energy, but this energy
is heat transfer only as it passes through
the skin of the potato (the system boundary)

to reach the air

SURROUNDING
AlR

\ .
&

-

—

———

=

7/ -
/ BAKED POTATO
l. ’
{+
W

-~

System
boundary

- ©

-~

2 k]
thermal
encrgy

HEAT

?\}

2 kJ
thermal
CnCcrgy

\
\
\ TN
\ 1
\ 3
< 8
Y
e
t |
S
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2. A Review to Thermodynamics

« Once in the surroundings, the transferred heat becomes part of the
internal energy of the surroundings.

e Thus, in thermodynamics, the term heat simply means heat fransfer.

« The sign convention for heat uses a positive value if heat is
transferred to the system from the surroundings and negative when
heat is transferred from the system to the surroundings.

« A process during which there is no heat transfer is called an
adiabatic process

2 k]
« Heat is transferred by three mechanisms: stk
— conduction, SURROUNDING f HEAT
. AIR e
— convection, and | 20
— radiation. //~ BAKED POTATO . "\
:: System 2kl /

‘\'\\ boundary | thermal
s : cnergy
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2. A Review to Thermodynamics

Work

Work, like heat,is an energy interaction between a system and its
surroundings.

Since energy can cross the boundary of a closed system in the form of
heat or work, then if the energy crossing the boundary of a closed
system is not heat, it must be work.

Heat is easy to recognize: Its driving force is a temperature difference
between the system and its surroundings.

Then we can simply say that an energy interaction that is not caused
by a temperature difference between a system and its surroundings is
work.

More specifically, work is the energy transfer associated with a force
acting through a distance.

A rising piston, a rotating shaft, and an electric wire crossing the
system boundaries are all associated with work interactions.
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2. A Review to Thermodynamics

= Work transfer is conducted through ordered motion of atoms or

molecules.
|2 ¢ F.ds

— Work is done by a system if the sole effect on the
surroundings could be the raising of a weight

= It is positive when work is done by a system or control volume on
the surroundings and negative sign when work is done on the
system or control volume by the surroundings.

e e.g. of work

— changes in volume which is a result of boundary movement due
to non equilibrium situations (expansion and compression),

— A rising piston
— shaft rotation in turbines, pumps, fans eic

— an electric wire crossing the system boundaries
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2. A Review to Thermodynamics

2.4. The First law of thermodynamics

- [Is the conservation of energy principle and states that energy can be
neither created nor destroyed during a process; it can only change

forms.
— In any process, the total energy of the universe remains constant; it
can neither be produced nor destroyed.
— For a system undergoes a cyclic process it states that the cyclic
integral of the heat equals the cyclic integral of the work.

$so = o

1.e.
= During a cycle only work and heat cross the boundary of the

system;

- as there will be no change in the properties of the system at the
end of the cycle

68



2. A Review to Thermodynamics

The First law for a system undergoing a process

“The increase in the internal energy of a thermodynamic system
is equal to the amount of heat energy added to the system minus
the work done by the system on the surroundings.”

= Generally the first law of thermodynamics can be simplified as:

Q1,2-W1,2=0U2 - U1 (close process)
Q1,2 -W1, 2 =H2 - H1 (open process)

- Where
Q = heat supplied to the system
W = work done by system
U = internal energy

H = enthalpy
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2. A Review to Thermodynamics

2.5. The second law of thermodynamics

 There is no process known to have taken place in violation of the
first law of thermodynamics.

— Therefore, it is reasonable to conclude that a process must
satisfy the first law to occuir.

« However satisfying the first law alone does not ensure that the
process will actually take place.

E.g. Consider a cup of hot coffee left in a cooler room;

= The coffee eventually cools off and satisfies the 1st
law since the amount of energy lost by the coffee is [ =

equal to the amount gained by the surrounding air // -

- Now consider the reverse process- heating of the | \\J O
coffee by absorbing heat from the surrounding air. &
this process never takes place, yet satisfies the 1st N—
law
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2. A Review to Thermodynamics

= The first law places no restriction on the direction of a process

= This inadequacy of the first law is remedied by introducing another
general principle, the second law of thermodynamics.

- The second law also asserts that energy has quality as well as
quantity.

— The first law is concerned with the quantity of energy and the
transformations of energy from one form to another with no regard
to its quality.

— the second law provides the necessary means to determine the
quality as well as the degree of degradation of energy during a
process.

« The second law of thermodynamics is also used in determining the
theoretical limits for the performance of commonly used engineering
systems, such as heat engines and refrigerators, as well as predicting
the degree of completion of chemical reactions.
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2. A Review to Thermodynamics

Can We Save Q_,.?

- In a steam power plant, the condenser is the device where large
quantities of waste heat is rejected to rivers, lakes, or the atmosphere.

= Question: Can we not just take the condenser out of the plant and
save all that waste energy?

= Answer: NO | Because without a heat rejection process in a
condenser, the cycle cannot be completed.

» This is demonstrated
next with the help of a
simple heat engine.

Hcat in Heat out -

Reservorr at (100 kN (85k))
100°C Rescervoirr at

20°C
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2. A Review to Thermodynamics

e Kelvin—Planck Statement

— “It is impossible to construct a device that will operate in a cycle
and produce no effect other than the production of net work output

and exchange of heat with a single heat source.”
— i.e. no heat engine can attain a cycle thermal efficiency of 100%

e The Clausius Statement:

— “It is impossible to construct a device that operates in a cycle
where the sole effect is only the transfer of heat from a cooler

body to a hotter body.”
OR

— Heat cannot be transferred from a low temperature body to a high
temperature body on its own accord or spontaneously
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2. A Review to Thermodynamics

Reversible and Irreversible Processes

- If a system undergoes a process from the initial state to the final state,
and then the system moves back to the initial state in a reversed
direction along the same path without causing any net effect on either
the system or its environment, then this process is said to be a
reversible process.

» Reversible processes actually do not occur in nature. They are merely
idealizations of actual processes and all actual processes are,
irreversible

« Reversible processes can be viewed as theoretical limits for the
corresponding irreversible ones.

e Sources of Irreversibility:
- Presence of inherent dissipative effects such as friction

- Presence of a non quasi equilibrium process, occurring due to
finite temperature difference
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2. A Review to Thermodynamics

Entropy

The second law of thermodynamics often leads to expressions
that involve inequalities.

For example, an irreversible (i.e., actual) heat engine is less
efficient than a reversible one operating between the same two
thermal energy reservoirs.

Another important inequality that has major consequences in
thermodynamics is the Clausius inequality.

o

:‘J OQ = 0
i /i

This inequality is valid for all cycles, reversible or irreversible.

The equality in the Clausius inequality holds for reversible
cycles and the inequality for the irreversible ones.
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2. A Review to Thermodynamics

Entropy: is a property which can be defined as:

s > (de where the equality is for reversible process and the

T inequality is for irreversible processes

Removing the inequality sign we can rewrite as: S S " —

2 S50 > Oirreversible process 2
S Z S 1= _[ +:13 gen S = Oreversible process AS; — j. + S
1 T o isol T gen
/ ,\ \ < Oimpossible process
Entropy change Entropy transfer . = .S =0
of the system to the system Entropy generated in the B
system due to irreversibilities
Thus, for an isolated system containin Increase
: e IAS 01 = Sgen =AS g rem + ASgr =0 in
a system and its surrounding we have:
Entropy
From the above and the 1st law we can deduce the following: Principle
7dS = dU + pdV where S = entropy U = internal energy
p = pressure V = volume
=dH — Vd_P T = temperature H = enthalpy
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PERPETUAL-MOTION MACHINES

- A process cannot take place unless it satisfies both the first and
second laws of thermodynamics

- Any device that violates either law is called a perpetual-motion
machine,

— and despite numerous attempts, no perpetual-motion machine is
known to have worked.

— But this has not stopped inventors from trying to create new ones.

- A device that violates the first law of thermodynamics (by creating
energy) is called a perpetual-motion machine of the first kind
(PMM1), and

= a device that violates the second law of thermodynamics is called a
perpetual-motion machine of the second kind (PMM2).
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- Examples of Perpetual-motion Machines

« |Itis proposed to heat the steam by resistance heaters placed inside the
boiler, instead of by the energy supplied from fossil or nuclear fuels.

« Part of the electricity generated by the plant is to be used to power the

resistors as well as the pump.

« The rest of the electric energy
is to be supplied to the electric
network as the net work output.

= The inventor claims that once
the system is started, this
power plant will produce
electricity indefinitely without
requiring any energy input
from the outside.

System boundary & A
;

-~ ™,

W

net.out

BOILER

—~VWV'

Resistance heater

- -

4
[ PUMP
N /

N\ s
\r__/

- /
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A perpetual-motion machine that violates
the first law of thermodynamics (PMM1).
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= The same inventor suggests getting rid of this wasteful component
and sending the steam to the pump as soon as it leaves the turbine

= This way, all the heat transferred to the steam in the boiler will be
converted to work, and thus the power plant will have a theoretical

efficiency of 100 %. System ;
i : / boundary Qin
e The inventor realizes that " 4 ,
some heat losses and friction BOILER
between the moving
components are unavoidable e
and that reduce the efficiency PUMP [TURBINE | w>

;

somewhat, but still expects

the efficiency to be no less
than 80 percent (as opposed to
40 % in most actual

power plants).

A perpetual-motion machine that violates the
second law of thermodynamics (PMM2).

e |t satisfies the first law but violates the second law, and therefore it will
not work hence is PMMZ2.
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2. A Review to Thermodynamics

2.7. Property Tables

 There are three ways to calculate the properties of a pure substance
at a given state

— Manual calculations using equations of state (form TAPWS-IF97 )
— Special software (e.g. FluidExcel)
— Property tables

= For most substances, the relationships among thermodynamic
properties are too complex to be expressed by simple equations.

— Therefore, properties are frequently presented in the form of tables

« For water, the properties can be read directly from the tables provided
that there are at least two known independent variable.
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2. A Review to Thermodynamics

Water-Steam tables
- For water-steam there are three different tables:
— the compressed liquid water,

— the saturated and

— the superheated tables

« The compressed liquid and superheated tables are conveniently
used when pressure and temperature are given. The properties u,u,

h and s, given without any subscripts, and can be directly read from
the tables

« NOTE: In the absence of compressed liquid data, a general
approximation is to treat compressed liquid as saturated liquid at the
given temperature. Thus, values of saturated liquid properties from
saturation tables at the given temperature can be used instead of
compressed liquid tables. This is because the compressed liquid

properties depend on temperature much more strongly than they do
on pressure.
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2. A Review to Thermodynamics

Saturated Liquid and Saturated Vapor States

 The properties of saturated liquid and saturated vapor for water are
given in two ways:

— Temperature table: tabulated as a function of temperature
— Pressure table: tabulated as a function of pressure

= The subscript fis used to denote properties of a saturated liquid, and
the subscript g to denote the properties of saturated vapor

« Another subscript commonly used is fg, which denotes the difference

between the saturated vapor and saturated liquid values of the same
property.

— V¢ specific volume of saturated liquid
— V4 specific volume of saturated vapor

— Vg, difference between v, and v;; that is, v, =v, - v¢
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2. A Review to Thermodynamics

= For saturated liquid or saturated vapour direct reading at the give
temperature or pressure

e For mixture of saturated liquid and saturated vapour

V=Vf+Vg
MY =MmsVye+MmyVg,
m v m_v
g - F f_|_ g7g
(m—mg 5
= v xy
m ¢ 4 g

Where x is the quality of steam given by:
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2. A Review to Thermodynamics

Similarly we can write:

D= (l—x)uf +XU, =Uy +x(ug —uf)= Op + XUy,
h=(0—x), +xh, =h, +xlb, —h )=h, +xh,
u =(l—x)uf +XxXU, =U, +x(ug —uf)=uf + Xy,
s=(1 —x)sf + XS, =S¢ +x(sg —sf)=sf + XS4,
= The quantity h. is called the enthalpy of vaporization (or
latent heat of vaporization). It represents the amount of

energy needed to vaporize a unit mass of saturated liquid at a
given temperature or pressure.
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Steady State Steady Flow (SSSF) Open System

We will now discuss the sready-srare opert systesr:. also called the steady-srate
steady-flow (SSSF) systerrz. This is one in which mass and energy flows across the
boundaries do sror vary with time and in which the mass within the system remains
constant. The SSSF system, applicable to mechanical energy (i.e., ignoring clectrical,
magnetic, chemical, and other cffects) is shown schermatically in Fig. 1-1. The first-
law equation for that svsterm is. -— -

PE1+KEI+IEI+FE1—I—&Q
= PE, + KE, + IE, + FE. + AW, {1-1ecx)

where the subscripts 1 and 2 indicate the inlet and exit stations of the open system.
Eguation (1-1a) assumes for simplicity that only one inlet and one exit exist, although
the SSSF equation can be written casily encugh for multiple inlets, exits, or both. In

Eq. (I1-1a)

PE — potential encrgy — pro e (E-2)»

e
where rm is the mass of a quantity of matter or fluid entering and leaving the svysterm
(bothh egual in SSSF), z is the elevation of stations 1 or 2 above a common datuin, g
is the gravitational acceleration,. and g. is a conversion factor numerically eqal to
32.2 1b,, - ftvy(ib, - s or 1.0 kg - owv(IN - s2%)

- Vv .
KE = kinetic energy =— rm2 > ' C1-3)
where V, is the velocity of the mass at 1 or 2.
O )
| ;

1 2

— ——
PE, PE,
KE, KE, - ]
IE, 7 - 1E, Figure 1-T Schemartic of a steady-state steady-flow (SSSF)
FE, - R R FE; system with one iniet and one ourtlet.



I¥E = intermal energy = Uf T (1-<3)

Inrernal energy is a sole function of temperature for perfect gases and a strong function
of temperature and weak function of pressure for nonperfect gases, vapors, and liquids.
It is a measure of the intermal (molecuilar) acuvlt}r and interaction of the fAuid.

"FE = flow energy — PV = Pmv {1-5)

Filow energy, or low work, is the work done by the flowing fluid to push the quantity
represented by mass /m into, and out of, the system. Mathematically it is equal to the
product of pressure # and volume V.

AQ = net heat added = O, — |C=x}| (1-6)

where ., is heat added to {(entering) and e is the heat rejecred by (leaving} the
system across its boundaries. It is convenient to consider that heat added is positive
and heat rejecred is negative. Mathematically

AQ = mc. (T2 — T (1-7)

where c,, is a specific heat that depends upon the process taking place between 1 and
2. Values for ¢, for various processes are given in Table 1-1.

AW s net steady-flow mechanical work done by the system

Wey, — Wl (1-8)
where W, is the work done by the system and W, is the work done on the system.

The convention is that the work done by the system is positive and the work done on
the system is negative. Mathematically the steady-flow work is given by

‘2 -
AW, — —J_l vV dP (1-9
Equation (1-9) requires a relationship between pressure 7 and voiume V for evaluation.
The most general relationship is given by
PV" = constant (1-10)

where n is called the polyrropic expornernt and varies from zero to infinity. Its value
for certain processes is given in Table 1-1.



Table 1-1 WValues of o, and sz for various Processes

Process

et z
Constant Pressiare Co i O
Constant tcrmpoeralurces = E |
Adiabatic reversible o E — Tre
Constant wvolnrme ~ == =
Polymopic = ‘: — o — oo

P

Eqguation (1-la) may now, be written for mass m entering and leaving the system

as
= Vi
mz,;~— + m— + U, + PV, + AQ
8c 2g. '
g Ve |
= mMzZa— + mr— 4 U;z + Psz -+ t&W,f (l-lb‘)
8< 28 _
"and for a unit mass
v:
Z|§_+"_1+HI+PIVI+M
Be 28c
z Vi
- = Zo— -+ + > + Pz'l-’z -+ ﬁwgf (I_IC)
_ 8c 28
where the lowercase symbols represent specific values of the uppercase cones, i.e., per
unit mass. Thus u# = specific internal energy = U/m, v = specific volume = V/m,
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Equations of some open (SSSF) systems

1. A steam generator

AW, = O -
PE. — PE, = negligibile
KE.: — KE, = negligible
Thus AQ = H, — H, T
and Ag = h, —
2. A gas or steam turbine
ﬁQ = negligible
PE, — PE, = negligible
KE; — KE, = negligible
thus AW,e = H, — F,
and Aweye = By, — h, .

3. A water (or incompressible fluid) pump

AQ = négligibic
. PE; — PE, o

(considering immediate inlet and exit)

(1-20a)

AL 1-2058)

(1-21a)
(1-2158)



I

_— KE, — KE, - megligible
_ r 55 or,

Aand, because water is essentially incompressible and little or no
change in temperature or volume takes place,

Vz = Vl. =
Thus AW, — FE, — FE, = WV{FP, — P23 (1-22a)
and A,y = v(FP, — F2) (1-225)

Both shouid be negative.

4. A nozzie

A = O
AW, = O
PE., — PE, = O (considering immediate inlet and exit)
KE, = usually negligible compared with KE,

Thus Ve == N2g J(h, — F~A3) (1-23a)
= 2g . Jc (T, — T2) ideal gas (1—235)
= “2g v{(F, — FP3) incompressible fluid (1-23c)

5. Throttling _
A = O
AW ., = O
PE, — PE;, = 0O or negligible
KE. — KE; = negligible

Thus E: = KM (1-24d<z)

and Ry, = ks (1-24a45)



