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Dedication

This book is dedicated to the promising and growing engineers
working in/around or studying thermal power plant
instrumentation and control systems who can render services
to mankind by providing sparse, pollution-free energy
for human progression.






Foreword

With the advent of technological advancement in all the
fields, knowledge and know-how are now available, in bits
and pieces, with just a click of the mouse, on the computer.
However, it can be time-consuming to find the desired in-
formation in a consolidated manner, or it may be difficult to
find the exact subject information required.

Modern power plant engineering is a vast subject with
different fields of application for all branches of technol-
ogy. In this book, the authors have included their experi-
ences from a different angle focusing on instrumentation
and control systems.

There are number of valuable books available on power
plants covering different subjects, but there is a dearth of
a single volumes incorporating the majority of the equip-
ment in relation to the process. The chapters of this book
cover various subjects on the process and associated

instrumentation with alternative arrangements (if any). The
text is well demonstrated with facts and figures that make
this book easy to understand.

In general, this book accentuates both subcritical and
supercritical plants, and there are separate appendices
covering supercritical plants as well the emerging demand
for the higher efficiency and lower pollution aspects of
subcritical plants.

The authors worked for decades with leading consulting
firms in India and abroad and keep in touch with modern
technology. I truly feel that their experiences will greatly
benefit both practicing engineers and students of power
plant engineering.

I wish every success to the authors of this book.

S. K. Sen






Preface

Technical books that have theoretical and practical ap-
proaches are available worldwide about several subsystems
of thermal power plant instrumentation and controls. This
book endeavors to act as a way to balance two extreme
lines of thinking, giving a comprehensive approach to
plants’ measurements and controls.

What is here is primarily meant for professionals
working with thermal power plant instrumentation and
control systems. Budding (fresh) engineers who start their
careers in thermal power plant instrumentation and control
engineering, and those practicing professionals of other
disciplines, will greatly benefit from the comprehensive-
ness and practical approaches in this book. It will be a very
good reference for engineering students who are pursuing
higher-level studies in various branches of engineering.

Highly developed and advanced mathematical de-
ductions are passed up as much as possible; instead phys-
ical explanations have been given so that readers get a
proper feel of the system so that the book could be kept
within a very limited dimension. The text part incorporates
an abridged description on the subject being dealt with
along with relevant figures and tables to visually show a
clear picture of it. In all cases, detailed specifications of the
instruments, subsystems, and systems have been included
in addition to practical control loops and logistics to enable

the book to be “all-time companion” for practicing
engineers.

Discussions about both subcritical and super-ultra su-
percritical power plants, as well as IGCCs, have been
included in order to take a look at future trends in power
plants. Content keeps pace with development work in the
field of electronics and control and communication engi-
neering, with special attention to inclusion of the means
and methods of system integration with fieldbus systems,
OPC servers, and so on. Application of artificial intelli-
gence and fuzzy logic in power plant instrumentation have
been covered in detail.

In an attempt to incoporate this extensive subject area
into the form of a book, the authors have carried out a great
deal of research over years so as to include the knowledge
gained during their decades-long global experience in
thermal power plant instrumentation engineering. We wish
to convey our sincere thanks to the companies who
entrusted us to work in this specialized area of engineering.
The authors feel rewarded only when their research work is
able to benefit future engineers who can serve the global
population by providing scarce pollution-free energy for
human development.

Swapan Basu
Ajay Kumar Debnath
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Chapter |

Introduction

1. INTRODUCTION

The authors of this book have been associated with the
Instrumentation and Control System of Modern Power
Plants for more than two decades while working with a
leading consulting firm. They are still in touch with modern
technology by associating with the engineering and con-
sultancy activities of ongoing projects. We wanted to
document their extended experience in the form of a
reference book so that professional engineers, working
engineers in power plants, and students could benefit from
the knowledge gathered during their tenure.

There are so many valuable and good books available
on a variety of subjects related to power plants about
boilers, turbines, and generators and their subsystems, but it
is very difficult to get a single book or single volume of a
book to cater to the equipment, accessories, or items along
with the instrumentation and control systems associated

with them. In this book, there is a very brief description of

the system and equipment along with diagrams for a
cursory idea about the entire plant. Up-to-date piping and
instrumentation diagrams (P&IDs) are included to better
understand the tapping locations of measuring and control
parameters of the plant.

Various types of instruments, along with sensors,
transmitters, gauges, switches, signal conditioner/converter,
etc., have been discussed in depth in dedicated chapters,
whereas special types of instruments are covered in sepa-
rate chapters. Instrument data sheets or specification
sheets are included so that beginners may receive adequate
support for preparing the documents required for their
daily work.

The control system chapters VIII, IX and X incorporate
the latest control philosophy that has been adopted in
several power stations.

This book mainly emphasizes subcritical boilers, but a
separate appendix is provided on supercritical boilers
because of their economic and low-pollution aspects, which
create a bigger demand and need than do conventional
subcritical boilers.

It is hoped that this book may help students and/or those
who perform power plant-oriented jobs.

Power Plant Instrumentation and Control Handbook
Copyright © 2015 Elsevier Ltd. All rights reserved.

2. FUNDAMENTAL KNOWLEDGE ABOUT
BASIC PROCESS

Power plant concepts are based on the Laws of Thermo-
dynamics, which depict the relationship among heat,
work, and various properties of the systems. All types
of energy transformations related to various systems
(e.g., mechanical, electrical, chemical etc.) may fall under
the study of thermodynamics and are basically founded
on empirical formulae and system and/or process
behavior. A thermodynamic system is a region in space on
control volume or mass under study toward energy
transformation within a system and transfer of energy
across the boundaries of the system.

2.0 Ideas within and Outside the System

1. Surrounding: Space and matter outside the thermody-
namic system.

2. Universe: Thermodynamic system and surroundings
put together.

3. Thermodynamic systems:

a. Closed: Only energy may cross the boundaries with
the mass remaining within the boundary.

b. Open: Transfer of mass takes place across the
boundary.

¢. Isolated: The system is isolated from its surround-
ing and no transfer of mass or energy takes place
across the boundary.

4. State: It is the condition detailed in such a way that one
state may be differentiated from all other states.

5. Property: Any observable characteristics measurable in
terms of numbers and units of measurement, including
physical qualities such as pressure, temperature, flow,
level, location, speed, etc. The property of any system
depends only on the state of the system and not on the
process by which the state has been achieved.

a. Intensive: Does not depend on the mass of the sys-
tem (e.g., pressure, temperature, specific volume,
and density).

b. Extensive: Depends on the mass of the system (i.e.,
volume).
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6. Specific weight: The weight density (i.e., weight per
unit volume).
7. Specific volume: Volume per unit mass.

8. Pressure: Force exerted by a system per unit area of

the system.

9. Path: Thermodynamic system passes through a series
of states.

10. Process: Where various changes of state take place.

11. Cyclic process: The process after various changes of
state complete their journey at the same initial point
of state.

2.0.1 Zeroeth Law of Thermodynamics

“If two systems are both in thermal equilibrium with a third
system, they are in thermal equilibrium with each other.”
Thermal equilibrium displays no change in the thermody-
namic coordinates of two isolated systems brought into
contact; thus, they have a common and equal thermody-
namic property called temperature. With the help of this
law, the measurement of temperature was conceived.
A thermometer uses a material’s basic property, which
changes with temperature.

2.0.1.1 Energy

“The definition in its simplest form is capacity for pro-
ducing an effect.” There are a variety of classifications for
energy.

1. Stored energy may be described as the energy contained
within the system’s boundaries. There are various
forms, such as:

a. Potential
b. Kinetic
c. Internal

2. Energy in transition may be described as energy that
crosses the system’s boundaries. There are various
types, such as:

a. Heat energy (thermal energy)
b. Electrical energy
c. Work

2.0.1.2 Work

“Work is transferred from the system during a given
operation if the sole effect external to the system can be
reduced to the rise of a weight.” This form of energy is
transferred from one system to another system originally at
different temperatures. It may take place by contact and
without mass flow across the boundaries of the two sys-
tems. This energy flows from a higher temperature to a
lower temperature and is energy in transition only and not
the property. The unit in the metric system is kcal and is
denoted by Q.

2.0.1.3 Specific Heat

Specific heat is defined as the amount of heat required to
raise the temperature of a substance of unit mass by one
degree. There are two types of specific heat:

1. At constant pressure and denoted as Cp
2. At constant volume and denoted as Cv

Heat energy is a path function and the amount of heat
transfer can be given by the following:

0> = Integration from Ty to T, of m Cn dT,
T2
ie., / (m Cn dT),
T
where | and 2 are two points in the path through which
change takes place in the system, m is the mass, Cn is
the specific heat and maybe Cp, dT is the differential tem-

perature, and 7 and 75 are the two temperatures at point |
and 2 of the path.

2.0.1.4 Perfect Gas

A particular gas that obeys all laws strictly under all con-
ditions is called a perfect gas. In reality no such gas exists;
however, but by applying a fair approximation some gases
are considered as perfect (air and nitrogen) and obey the
gas laws within the range of pressure and temperature of a
normal thermodynamic application.

2.0.2 Boyle’s Law and the Charles Law
2.0.2.1 Boyle’s Law—Law |

The volume of a given mass of a perfect gas varies inversely
as the absolute pressure when temperature is constant.

2.0.2.2 Charles Law—Law Il
The volume of a given mass of a perfect gas varies directly
as the absolute temperature, if the pressure is constant.

2.0.3 General and Combined Equation

From a practical point of view, neither Boyle’s Law nor the
Charles Law is applicable to any thermodynamic system
because volume, pressure, and temperature, etc., all vary
simultaneously as an effect of others. Therefore, it is
necessary to obtain a general and combined equation for a
given mass undergoing interacting changes in volume,
pressure, and temperature:

v T /p, when T is constant (Boyle’s Law)
v T, when p is constant (Charles Law).

Therefore, v © T/p when both pressure and temperature
vary



