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Int. Marks: 25  Ext. Marks: 75 Total Marks:;100

IV Year B.Tech. CE - 1l Sem L T/PIDC
303
POWER PLANT ENGINEERING
(OPEN ELECTIVE-I111)
UNIT -1

Introduction to the Sources of Energy — Resources and Development of Power in India.

STEAM POWER PLANT: Plant Layout, Working of different Circuits, Fuel and handling equipment,
types of coals, coal handling, choice of handling equipment, coal storage, Ash handling systems

COMBUSTION PROCESS: Properties of coal — overfeed and underfeed fuel beds, traveling grate
stokers, spreader stokers, retort stokers, pulverized fuel burning system and its components, combustion
needs and draught system, cyclone furnace design and construction, Dust collectors, Electrogatic
precipitators, cooling towers and heat rejection, corrosion and feed water treatment.

UNIT -1

DIESEL POWER PLANT: Introduction — IC Engines, Types, Construction— Plant Layout with
Auxiliaries— Fuel Storage

GAS TURBINE PLANT: Introduction — Classification - Construction — Layout with Auxiliaries —
Principles of Working Closed and Open Cycle Gas Turbines. Advantages And Disadvantages Combined
Cycle Power Plants.

UNIT- 111

HYDRO ELECTRIC POWER PLANT: Water power — Hydrological cycle — Hydrographs — storage and
Pondage —construction of Hydrograph, Load duration curves -classification of dams and spill ways.

HYDRO PROJECTS AND PLANT: Classification — Typical layouts — plant auxiliaries — plant operation
and pumped storage plants.

UNIT -1V

NUCLEAR POWER STATION: Nuclear fuel — breeding and fertile materials — Nuclear reactor — reactor
operation.

TYPES OF REACTORS: Pressurized water reactor, Boiling water reactor, sodium-graphite reactor, fast
Breeder Reactor, Gas cooled Reactor, Radiation hazards and shielding — radioactive waste disposal.

POWER FROM NON-CONVENTIONAL SOURCES: Utilization of solar — Collectors — Principle of
working, Wind energy — Types— HAWT, VAWT — Tidal energy.
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UNIT -V

DIRECT ENERGY CONVERSION: solar energy, Fuel cells, Thermo electric and thermo ionic, MHD
generation.

POWER PLANT ECONOMICS AND ENVIRONMENTAL CONSIDERATIONS:. Capita cost,
investment of fixed charges, operating costs, general arrangement of power distribution, L oad curves, load
duration curve, Definitions of connected load, Maximum demand, demand factor, average load, load
factor, diversity factor — related numerical exercises, Effluents from power plants and impact on
environment — pollutants and pollution standards — Methods of Power plant Pollution control.

TEXT BOOKS:
1. Power Plant Engineering — P.C.Sharma -S.K.Kataria Publications.

2. A Course in Power Plant Engineering:Arora and S.Domkundwar.

REFERENCES:

1. A Text book of Power Plant Engineering -R.K. Rajput-Laxmi Publications
2. Power plant Engineering-S. Ramalingam-Scietech Publishers.

3. Power Plant Engineering: P.K.Nag -2"Edition-TMH.

4. An introduction to Power Plant Technology-G.D. Rai.

5. Power plant Engg — Elanchezhian — I.K international Publications.
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Timetable
IV B.Tech. Il Semester — (CE)
Day/Hour f&?gé 11%:21%' 111221% 1%38‘ 1:40-2:25 | 2:25-3:10 | 3:15-4:00
Monday PPE
Tuesday PPE
Wednesday PPE
Thursday PPE
Friday PPE
Saturday
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Vision of the Institute

To be a premier Institute in the country and region for the study of Engineering, Technology and
Management by maintaining high academic standards which promotes the analytical thinking and
independent judgment among the prime stakeholders, enabling them to function responsibly in the
globalized society.

Mission of thelnstitute

To be a world-class Institute, achieving excellence in teaching, research and consultancy in cutting-edge
Technologies and be in the service of society in promoting continued education in Engineering,
Technology and Management.

Quality Policy

To ensure high standards in imparting professional education by providing world-class infrastructure, top-
quality-faculty, and decent work culture to sculpt the sudents into Socially Responsible Professionals
through creative team-work, innovation, and research.

Vision of the Department

To impart knowledge, skill, and excellence in civil engineering with a global perspective to enable the
students as competent, qualitative & ethically strong engineers with an intuition to improve quality of life
for the benefit of the society.

Mission of the Department
e Totrainthe studentsin the civil engineering domain.
e To develop knowledge and skill to solve regional and global problems.
e To transform into qualitative and ethically strong professional engineers through research and
Development.
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Program Educational Objectives (B.Tech. — CE)

Graduates will be ableto

PEO1: To provide knowledge in mathematics, science, and engineering principles for a successful Career
in sectors of civil engineering and allied industry and/or higher education.

PEO2: To develop an ability to identify, formulate, solve problems along with adequate analysis, Design,
synthesizing and interpretation skills in civil engineering systems.

PEO3: To exhibit professionalism, ethics, communication skills and team work in their profession and
engagedin lifelong learning of contemporary civil engineering trends.

Program Outcomes (B.Tech. — CE)

At the end of the Program, a graduate will have the ability to

PO 1. An ability to apply knowledge of mathematics, science, and engineering

PO 2: An ability to design and conduct experiments, as well asto analyze and interpret data

PO 3. An ability to design a system, component, or process to meet desired needs within realistic constraints
such as economic, environmental, social, political, ethical, health and safety, manufacturability

PO 4: An ability to function on multidisciplinary teams

PO 5: An ahility to identify, formulates, and solves engineering problems

PO 6: Anunderstanding of professional and ethical responsibility

PO 7: An ability to communicate effectively

PO 8. The broad education necessary to understand the impact of engineering solutions in a global,
economic, environmental, and societal context

PO 9: A recognition of the need for, and an ability to engage in lifelong learning

PO 10: Knowledge of contemporary issues.

PO 11: An ahility to use the techniques, skills, and modern engineering tools necessary for engineering
practice

PO 12: An ability to carry out research in different areas of Civil Engineering including latest technology like
GlIS/Remote Sensing resulting in design, development, analyze and journal publications and
technology development.
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COURSE OBJECTIVES

On completion of this Subject/Course the student shall be able to:

S.No Objectives
1 Analysis and preliminary design of the major systems of conventional fossil-fuel
steam-cycle Power plants.

2 | Fundamental concepts of diesel power plant and gas turbine power plant

3 | To study hydrological cycle, hydrographs, hydro power plant and projects.

A working knowledge of the basic design principles of nuclear, wind, tidal, solar,
and alternate  Power plants.

Awareness of the economic, environmental, and regulatory issues related to power
5 | generation.

COURSE OUTCOMES

The expected outcomes of the Course/Subject are:

S.No Outcomes

1. | Understand the principle of various sources of energy, resources and development
of power.
2. | To know the concept of internal combustion engine and gas turbine power plant

3. | To know the concept of hydroelectric power plant.

4. | To know the concept of nuclear power stations and non-conventional power
SOUFCES.
5. | Understand the power plant economics and environmental considerations.

Signature of faculty

Note: Please refer to Bloom’s Taxonomy, to know the illustrative verbs that can be used to state the outcomes.
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GUIDELINESTO STUDY THE COURSE / SUBJECT

Course Design and Delivery System (CDD):
e The Course syllabus is written into number of learning objectives and outcomes.
e Every student will be given an assessment plan, criteria for assessment, scheme of evaluation and
grading method.
e TheLearning Process will be carried out through assessments of Knowledge, Skills and Attitude by
various methods and the students will be given guidance to refer to the text books, reference books,
journals, etc.

The faculty be ableto —

Understand the principles of Learning

Understand the psychology of students

Develop instructional objectives for a given topic

Prepare course, unit and lesson plans

Understand different methods of teaching and learning

Use appropriate teaching and learning aids

Plan and deliver lectures effectively

Provide feedback to students using various methods of Assessments and tools of Evaluation
Act as aguide, advisor, counselor, facilitator, motivator and not just as ateacher alone

Signature of HOD Signature of faculty

Date: Date:
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COURSE SCHEDULE

The Schedule for the whole Course / Subject is:

S. No.

Description

Duration (Date)

From To

Total No.
of Periods

UNIT-I:
Introduction to the Sources of Energy — Resources and
Development of Power in India.

STEAM POWER PLANT: Pant Layout, Working of
different Circuits, Fud and handling equipment, types of
coals, coal handling, choice of handling equipment, coal
storage, Ash handling systems

COMBUSTION PROCESS: Properties of coa — overfeed
and underfeed fud beds, traveling grate stokers, spreader
stokers, retort stokers, pulverized fuel burning system and its
components, combustion needs and draught system, cyclone
furnace design and construction, Dust collectors, Electrostatic
precipitators, cooling towers and heat rejection, corrosion and
feed water treatment.

15.11.2023 | 08.12.2023

16

UNIT-II:
DIESEL POWER PLANT: Introduction — IC Engines,

Types, Construction— Plant Layout with Auxiliaries — Fud
Storage

GAS TURBINE PLANT: Introduction — Classification -
Congtruction — Layout with Auxiliaries — Principles of
Working Closed and Open Cycle Gas Turbines. Advantages
And Disadvantages Combined Cycle Power Plants.

09.12.2023 | 29.12.2023

12

UNIT-II:
HYDRO ELECTRIC POWER PLANT: Water power —

Hydrological cycle — Hydrographs — storage and Pondage —
construction of Hydrograph, Load duration curves -
classification of dams and spill ways.

HYDRO PROJECTS AND PLANT: Classfication —
Typical layouts — plant auxiliaries — plant operation and
pumped storage plants.

30.12.2023 | 23.01.2024

11

UNIT-IV:
NUCLEAR POWER STATION: Nuclear fud — breeding

and fertile materials — Nuclear reactor — reactor operation.

TYPES OF REACTORS:. Pressurized water reactor,
Boiling water reactor, sodium-graphite reactor, fast Breeder

24.01.2024 | 12.02.2024

12

AY:2023-24 IV B.Tech Il Sem
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Reactor, Gas cooled Reactor, Radiation hazards and shielding
— radioactive waste disposal.

POWER FROM NON-CONVENTIONAL SOURCES:
Utilization of solar — Collectors — Principle of working, Wind
energy — Types— HAWT, VAWT — Tidal energy.

UNIT-V:
DIRECT ENERGY CONVERSION: solar energy, Fue

cells, Thermo dectric and thermo ionic, MHD generation.

POWER PLANT ECONOMICS AND
ENVIRONMENTAL CONSIDERATIONS: Capita cost,
investment of fixed charges, operating costs, genera
arrangement of power distribution, Load curves, load
duration curve, Definitions of connected load, Maximum
demand, demand factor, average load, load factor, diversity
factor — related numerical exercises, Effluents from power
plants and impact on environment — pollutants and pollution
standards — Methods of Power plant Pollution control.

13.02.2024

03.04.2024

15

Total No.

AY:

of Instructional periods available for the course: 66 Hours

2023-24 IV B.Tech Il Sem

Power Plant Engineering
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SCHEDULE OF INSTRUCTIONS - COURSE PLAN
No. of Objective
Unit | Lesson " . . s& Refer ences
No. No. Date Perslod Topics/ Sub-Topics Outcomes (Textbook, Journal)
Nos.
1,234 N
. "7 7 | Power  Plant  Engineering -
1 | 15112023 | 1 | 'mroductiontopower ° | Pcshama -SK Kataria
plant engineering 1, 2, 3,4, PUblications
5 :
. : Power Plant Engineering —
2 | 17112023 | 1 %’:'Szdr'cggfgﬂo” © 7 |pcsam _SK.Kataria
i Publications
. Power Plant Engineering —
3 | 18112023 | 1 | IOV about  power 1 |PCshama _SK.Kataria
P Publications.
Resources and 1 Power Plant Engineering —
4 20.11.2023 2 Development of Power 1 P.C.Sharma -S.K.Kataria
inIndia Publications.
Power Plant Engineering —
5 | 21112023 1 |SIEAM - POWER L I pcshama “SK.Kataria
PLANT: Plant Layout 1 Publications
. : Power Plant Engineering -
6 | 22112003 | 1 |QNorkng of dfferent) 1 pC shama ‘SK.Kataria
Publications.
Fud and handling 1 Power Plant Engineering -
7 24.11.2023 1 equipment and types of 1 P.C.Sharma -S.K.Kataria
fuds Publications.
Power Plant Engineering -
L s |sma0s| 1 | RS of - coals,  coal 1 |PCsnama SK Kataria
9 Publications.
Chqlce tOf oalh:tndllng 1 Power Plant Engineering -
9 | 28112023 | 1 | °Sdipment, codl slorage, P.C.Sharma -SK.Kataria
Ash handling systems 1 Publications.
COMBUSTION 1 Power Plant Engineering —
10 29.11.2023 1 PROCESS: Properties 1 P.C.Sharma -SK.Kataria
of coal Publications.
Power Plant Engineering -
11 | o1122023| 1 | Overfeed and underfeed 1 P.C.Sharma -SK.Kataria
fud beds 1 o
Publications.
. Power Plant Engineering -
12 | 02122023 | 1 Trfg’;!:g ) gae stokers, i P.C.Sharma -SK.Kataria
P Publications.
Retort stokers, . .
. o Power Plant Engineering -
13 | 04122023 | 2 | Pulverized fud buming ! P.C.Sharma -SK.Kataria
system and its 1 .
Publications.
components
Combustion needs and 1 Power Plant Engineering -
14 05.12.2023 1 draught system, cyclone 1 P.C.Sharma -S.K.Kataria
furnace design and Publications.
AY:2023-24 IV B.Tech Il Sem Power Plant Engineering
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construction
Dust collectors, 1 Power Plant Engineering —
15 06.12.2023 Electrostatic 1 P.C.Sharma -S.K.Kataria
precipitators Publications.
Cooling towers and hest L
- . Power Plant Engineering —
16 | 08.12.2023 rejection, corrosion and L P.C.Sharma -SK.Kataria
feed water treatment. 1 Publications.
UNIT 11 A Text book of Power Plant
1 09.12.2023 DIESEL POWER g Engl.neerlng -R.K. Rajput-Laxmi
PLANT: Introduction Publications
5 A Text book of Power Plant
2 12.12.2023 IC Engines, Types 5 Engineering -R.K. Rajput-Laxmi
Publications
. A Text book of Power Plant
3 13.12.2023 (Lsonsgtuvc\;[ilt%n,;uxiliaﬂ;nt g Engineering -R.K. Rajput-Laxmi
s Publications
Minor Equipments in 2 A Text_ book  of PO.WG Planf[
4 15.12.2023 Engineering -R.K. Rajput-Laxmi
DPP 2 ot
Publications
5 A Text book of Power Plant
5 16.12.2023 Fud Storage 5 Engineering -R.K. Rajput-Laxmi
Publications
A Text book of Power Plant
6 18.12.2023 PL(iﬁ\\lsrTlLrJ] ﬁc?ollllj\lclt_:ion g Engineqing -R.K. Rajput-Laxmi
Publications
2 Classification ) 5 A Text book of Power Plant
7 19.12.2023 . Engineering -R.K. Rajput-Laxmi
Construction 2 L
Publications
5 A Text book of Power Plant
8 20.12.2023 Layout with Auxiliaries 5 Engineering -R.K. Rajput-Laxmi
Publications
Principles of Working 5 A Text book of Power Plant
9 22.12.2023 Closed and Open Cycle 5 Engineering -R.K. Rajput-Laxmi
Gas Turbines Publications
Advantages And
Disadvantages 5 A Text book of Power Plant
10 23.12.2023 Combined Cycle Power 5 Engineering -R.K. Rajput-Laxmi
Plants. Publications
. A Text book of Power Plant
11 | 27.12.2023 Difference between GTP 2 Engineering -R.K. Rajput-Laxmi
and DPP 2 S
Publications
Comparision between 5 A '_I'ext_ book of Po_wer Planf[
12 29.12.2023 TPP and GTP,DPP > Engl_neerlng -R.K. Rajput-Laxmi
Publications
Unit-111: HYDRO 3 A Text book of Power Plant
3. 1 30.12.2023 ELECTRIC  POWER 3 Engineering -R.K. Rajput-Laxmi
PLANT: Water power Publications
AY:2023-24 IV B.Tech Il Sem Power Plant Engineering
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. A Text book of Powe Plant
2 | 02.01.2024 Eygiglc?glci cycle - g Engineering -R.K. Rgjput-Laxmi
ydrograp Publications
Storage and Pondage 3 A Text book of Power Plant
3 03.01.2024 construction of 3 Engineering -R.K. Rajput-Laxmi
Hydrograph Publications
Load duration curves -
dassification of dams 3 A Text book of Power Plant
4 05.01.2024 _ 3 Engineering -R.K. Rajput-Laxmi
and spill ways. Publications
A Text book of Power Plant
5 06.01.2024 ,I:I\\(IBII?D(L) ANPTRO‘]ECTS g Engineering -R.K. Rajput-Laxmi
) Publications
. A Text book of Power Plant
6 | 08012024 History about  hydro | 3 | proinecring -RK. Rajput-Laxmi
power plants 3 Publications
e A Text book of Powe Plant
7 09.01.2024 Cla_ssflcatlon of hydro 3 Engineering -R.K. Rajput-Laxmi
projects and plants 3 PUblications
Tvoical lavouts olant 3 A Text book of Powe Plant
8 17.01.2024 ypical - lay P Engineering -R.K. Rajput-Laxmi
auxiliaries 3 L
Publications
Plant  operation  and 3 A Text book of Powe Plant
9 19.01.2024 P Engineering -R.K. Rajput-Laxmi
pumped storage plants 3 Publications
Work done curves 3 A Text book of Power Plant
10 22.01.2024 Engineering -R.K. Rajput-Laxmi
3 L
Publications
A Text book of Power Plant
11 23.01.2024 Advantages over thermal 3 Engineering -R.K. Rajput-Laxmi
power plants 3 Publications
Power Plant Engineering -
1| 24.01.2024 NUCLEAR = POWER 4 P.C.Sharma -SK.Kataria
STATION: Nuclear fud 4 o
Publications.
. Power Plant Engineering -
2 | 27.01.2024 Types of fuels and its| 4 P.C.Sharma -SK.Kataria
history, formation 4 .
Publications.
Concept on uranium and 4 Power Plant  Engineering -
3 29.01.2024 -ONCep X P.C.Sharma -S.K.Kataria
fission , fussion 4 -
Publications.
. . Power Plant Engineering -
4 4 | 30012024 Breeding and  fertile 4 P.C.Sharma -SK Kataria
materials 4 -
Publications.
Nuclear reactor , reactor 4 Power  Plant  Engineering ._
5 31.01.2024 operation ' 4 P.C.Sharma -S.K.Kataria
P ) Publications.
-ILE:%?'ORS' OF 4 Power Plant Engineering -
6 02.02.2024 . " P.C.Sharma -S.K.Kataria
Pressurized water 4 o
Publications.
reactor
- 4 Power Plant Engineering -
7 03.02.2024 Boiling water reactor 4 P.C.Sharma "SK Kataia
AY:2023-24 IV B.Tech Il Sem Power Plant Engineering
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Publications.
4 Power Plant Engineering —
8 05.02.2024 Sodium-graphite reactor 4 P.C.Sharma -S.K.Kataria
Publications.
4 Power Plant Engineering -—
9 06.02.2024 Fast Breeder Reactor 4 P.C.Sharma -S.K.Kataria
Publications.
4 Power Plant Engineering —
10 07.02.2024 Gas cooled Reactor 4 P.C.Sharma -S.K.Kataria
Publications.
Radiation hazards and 4 Power Plant Engineering —
11 09.02.2024 shielding 4 P.C.Sharma -S.K.Kataria
Publications.
N Power Plant Engineering —
12 | 12022024 gzgg);cnve weste) 4 P.C.Sharma _SK.Kataria
' Publications.
([;IORNE\E:[;RSI OE,\II\_IERGY 5 Power Plant Engineering —
1 13.02.2024 _ : P.C.Sharma -S.K.Kataria
Introduction 5 Publications.
Power Plant Engineering —
2 | 14.02.2024 SO'?{ i ey g P.C.Sharma -SK.Kataria
ap ons Publications.
5 Power Plant Engineering -
3 16.02.2024 Fud cdls P.C.Sharma -S.K.Kataria
5 o
Publications.
Thermo €ectric  and . .
thermo  ionicc, MHD 5 Power  Plant  Engineering  —
4 17.02.2024 ) ; P.C.Sharma -S.K.Kataria
generation. S Publications.
5 Power Plant Engineering -
5 19.02.2024 MHD generators P.C.Sharma -S.K.Kataria
5 N
Publications.
5. 5 Power Plant Engineering -
6 20.02.2024 Types and applications 5 P.C.Sharma -S.K.Kataria
Publications.
Power plant economics 5 Power Plant Engineering -
7 21.02.2024 and environmental 5 P.C.Sharma -S.K.Kataria
considerations Publications.
. . Power Plant Engineering -
8 | 22032024 Capital cost, investment 5 P.C.Sharma _SK.Kataria
of fixed charges 5 .
Publications.
Operating costs, general 5 Power Plant Engineering -
9 23.03.2024 arrangement of power 5 P.C.Sharma -S.K.Kataria
distribution Publications.
Iat?region CUIVEs, culr?/ag 5 Power Plant Engineering -
10 26.03.2024 - ’ P.C.Sharma -S.K.Kataria
Definitions of connected 5 o
load Publications.
Maximum demand, 5 Power Plant Engineering -
11 27.03.2024 demand factor, average 5 P.C.Sharma -S.K.Kataria
load, |load factor, Publications.
AY:2023-24 IV B.Tech Il Sem Power Plant Engineering
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diversity factor

Problems on load factor,

Power Plant Engineering —
12 | 30.03.2024 'Elf;?sntzn df”i’m agto""; g P.C.Sharma -SK.Kataria
plan P Publications.
environment
. 5 Power Plant Engineering —
13 | 01.04.2024 PO"“tars‘::n?:rgso”u“O” 5 P.C.Sharma -SK Kataria
Publications.
Power Plant Engineering —
P.C.Sharma -S.K.Kataria
Revison of ovedl | 1,2,3,45 | Publications.
14 02.04.2024 syllabus 12345 | A Text book of Power Plant
Engineering -R.K. Rajput-Laxmi
Publications
Power Plant Engineering —
P.C.Sharma -S.K.Kataria
Old Question papers| 1,2,3,4,5 | Publications.
15 03.04.2024 discussions 12,345 | A Text book of Powe Plant

Engineering -R.K. Rajput-Laxmi
Publications

Signature of HOD
Date:

Note:

1. Ensurethat al topics specified in the course are mentioned.
2. Additional topics covered, if any, may also be specified in bold.
3. Mention the corresponding course objective and outcome numbers against each topic.

AY:2023-24

IV B.Tech Il Sem

Signature of faculty

Date:
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LESSON PLAN (U-1)
Lesson No: 01, 02 Duration of Lesson: 1hr40 min

Lesson Title: Introduction to power plant engineering, Introduction to the Sources of Energy

Instructional / Lesson Objectives:

To make students understand about the fundamentals of power plants
To familiarize students about need of power plants.

To understand students the sources of energy.

To provide information on types of energies.

Teaching AIDS :PPTs, Digital Board
Time Management of Class

05 min for taking attendance
80 min for the lecture delivery
15 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3, 4& 1, 3)

Refer assignment — | & tutorial-1 sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering
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LESSON PLAN (U-1)
Lesson No: 03, 04 Duration of Lesson: 1hr40 min

Lesson Title: History about power plants, Resources and Devel opment of Power in India

Instructional / Lesson Objectives:

e To understand students the history about power plants.
e To provide information on Resources and Development of Power in India

Teaching AIDS :PPTs, Digital Board
Time Management of Class

05 min for taking attendance
80 min for the lecture delivery
15 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1,2,3,4 & 1,3..)

Refer assignment — | & tutorial-1 sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering
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LESSON PLAN (U-1)
Lesson No: 05, 06 Duration of Lesson: 1hr40 min

Lesson Title: Steam power plant, Plant Layout, Working of different Circuits

Instructional / Lesson Objectives:

To make students understand about the Steam power plant.

To familiarize students on Plant Layout.

To understand students the importance of steam power plant.

To understand students the importance of Working of different Circuits.

Teaching AIDS :PPTs, Digital Board
Time Management of Class

05 min for taking attendance

05 min for revision of previous class
80 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1,2,3,4 & 1,3..)

Refer assignment — | & tutorial-1 sheets

Signature of faculty
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LESSON PLAN (U-1)
Lesson No: 07, 08 Duration of Lesson: 1hr 40 min

Lesson Title: Fue and handling equipment and types of fuels, Types of coals, coal handling

Instructional / Lesson Objectives:

To make students understand about the types of fuels.
To familiarize students on handling equipments.

To understand students the Types of coals.

To provide information on coal handling.

Teaching AIDS :PPTs, Digital Board
Time Management of Class

05 min for taking attendance

05 min for revision of previous class
80 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3, 4& 1, 3..)

Refer assignment — | & tutorial-l sheets

Signature of faculty
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LESSON PLAN (U-1)
Lesson No: 09, 10 Duration of Lesson: 1hr 40 min

Lesson Title: Choice of handling equipment, coal storage, Ash handling systems, combustion process, properties of
coal

Instructional / Lesson Objectives:

e To make students understand about the types of handling equipments.
e To familiarize students on coal storage, Ash handling systems.
e To understand students the combustion process, properties of coal.

Teaching AIDS :PPTs, Digital Board
Time Management of Class

05 min for taking attendance

05 min for revision of previous class
80 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3...)

Refer assignment — | & tutorial-l sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

course e PVEAVNY cicccnc coucccl
Department of Civil Engineering
LESSON PLAN (U-1)
Lesson No: 11, 12 Duration of Lesson: 1hr 40 min

Lesson Title: Overfeed and underfeed fuel beds, Traveling grate stokers, spreader stokers
Instructional / Lesson Objectives.

e To make students understand about the fundamentals overfeed and underfeed fuel beds.
e Tofamiliarize students on Traveling grate stokers.
e To understand students the spreader stokers.

Teaching AIDS :PPTs, Digital Board
Time Management of Class

05 min for taking attendance

05 min for revision of previous class
80 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — | & tutorial-l sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

Course File ‘{@}‘A
Department of Civil Engineering
LESSON PLAN (U-1)
Lesson No: 13, 14 Duration of Lesson: 1lhr 40 min

Lesson Title: Retort stokers, pulverized fuel burning system and its components, Combustion needs and draught
system, cyclone furnace design and construction

Instructional / Lesson Objectives:

To make students understand about the strokers.

To familiarize students on types of strokers.

To provide information on pulverized fuel burning system and its components.
Students know about cyclone furnace design and construction.

Teaching AIDS :PPTs, Digital Board
Time Management of Class

05 min for taking attendance

05 min for revision of previous class
80 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — | & tutorial-l sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

Course File ‘{@}‘A
Department of Civil Engineering
LESSON PLAN (U-1)
Lesson No: 15, 16 Duration of Lesson: 1lhr 40 min

Lesson Title: Dust collectors, Electrostatic precipitators, Cooling towers and heat rejection, corrosion and feed
water treatment.

Instructional / Lesson Objectives:

e To make students understand about the Dust collectors and its types.
e To familiarize students on Cooling towers and heat rejection.
e To provide information on corrosion and feed water treatment.

Teaching AIDS :PPTs, Digital Board
Time Management of Class

05 min for taking attendance

05 min for revision of previous class
80 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4& 1, 3...)

Refer assignment — | & tutorial-1 sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

Course File ‘{@}‘A
Department of Civil Engineering
LESSON PLAN (U-11)
Lesson No: 01, 02 Duration of Lesson: 1lhr 40 min

Lesson Title: Diesel power plant, Introduction, IC Engines, Types

Instructional / Lesson Objectives:

e To make students understand the Diesel power plants.
e To familiarize students different types of 1C Engines.

Teaching AIDS :PPTs, Digital Board
Time Management of Class

05 min for taking attendance

10 min for revision of previous class
80 min for the lecture delivery

05 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — [1& tutorial-I1 sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

course e PVEAVNY cicccnc coucccl
Department of Civil Engineering
LESSON PLAN (U-11)
Lesson No:3,4 Duration of Lesson: 1hr 40 min

Lesson Title: Construction- Plant Layout with Auxiliaries, Minor Equipmentsin DPP

Instructional / Lesson Objectives:

e To make students understand the DGP and its plant layourt .
e To familiarize students different Auxiliaries.
e To understand students about Minor Equipmentsin DPP

Teaching AIDS :PPTs, Digital Board, colour chalks
Time Management of Class

05 min for taking attendance

10 min for revision of previous class
80 min for the lecture delivery

05 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — |1 & tutorial-11 sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

course e PVEAVNY cicccnc coucccl
Department of Civil Engineering
LESSON PLAN (U-11)
Lesson No:5,6 Duration of Lesson: 1hr 40 min

Lesson Title: Fud Storage, gas turbine plant

Instructional / Lesson Objectives:

e To make students understand the fuel storage.
e To familiarize students gas turbine plant..

Teaching AIDS :PPTs, Digital Board
Time Management of Class

05 min for taking attendance

10 min for revision of previous class
80 min for the lecture delivery

05 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — |1 & tutorial-11 sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

course e PVEAVNY cicccnc coucccl
Department of Civil Engineering
LESSON PLAN (U-11)
Lesson No:7,8 Duration of Lesson: 1hr 40 min

Lesson Title: Classification — Construction, Layout with Auxiliaries

Instructional / Lesson Objectives:

e To make students understand the Classification of diesel power plant.
e Tofamiliarize students different construction, Layout with Auxiliaries.

Teaching AIDS :PPTs, Digital Board
Time Management of Class

05 min for taking attendance

10 min for revision of previous class
80 min for the lecture delivery

05 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — |1 & tutorial-11 sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

Course File ‘{@}‘A
Department of Civil Engineering
LESSON PLAN (U-11)
Lesson No: 9,10 Duration of Lesson: 1hr 40 min

Lesson Title: Principles of Working Closed and Open Cycle Gas Turbines, Advantages And Disadvantages
Combined Cycle Power Plants.

Instructional / Lesson Objectives:

e To make students understand the closed and open cycle gas turbines.
e To familiarize students advantages and disadvantages of diesel power plants.

Teaching AIDS :PPTs, Digital Board
Time Management of Class

05 min for taking attendance

05 min for revision of previous class
80 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — |1 & tutorial-11 sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

Course File
FY¥L )Y N ENGINEERING COLLEGE
(An Autonomous Institution)

Department of Civil Engineering

LESSON PLAN (U-I1)

Lesson No: 11, 12 Duration of Lesson: 1lhr 40 min

Lesson Title: Difference between GTP and DPP, Comparision between TPP and GTP,DPP
Instructional / Lesson Objectives.

e To make students understand the difference between GTP and DPP.
e To understand students about Comparision between TPP and GTP,DPP.

Teaching AIDS :PPTs, Digital Board
Time Management of Class

05 min for taking attendance

05 min for revision of previous class
80 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — |1 & tutorial-11 sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

Course File ‘{@}‘A
Department of Civil Engineering
LESSON PLAN (U-111)
Lesson No: 01, 02 Duration of Lesson: 1lhr 40 min

Lesson Title: Hydro electric power plant, Water power, Hydrological cycle— Hydrographs

Instructional / Lesson Objectives:

To make students understand the concept Hydro electric power plant.
To familiarize students about the water power.

To understand students about hydrological cycle.

To provide information on Hydrographs

Teaching AIDS :PPTs, Digital Board
Time Management of Class

05 min for taking attendance

05 min for revision of previous class
80 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — [11 & tutorial-111 sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

Course File ‘{@}‘A
Department of Civil Engineering
LESSON PLAN (U-111)
Lesson No: 03, 04 Duration of Lesson: 1hr 40 min

Lesson Title: Storage and Pondage construction of Hydrograph, Load duration curves -classification of dams and
spill ways.

Instructional / Lesson Objectives:

e To make students understand the concept of storage and pondage.
e To familiarize students about the hydro projects and plant.

Teaching AIDS :PPTs, Digital Board
Time Management of Class

05 min for taking attendance

05 min for revision of previous class
80 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — [11 & tutorial-111 sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

Course File ‘{@}‘A
Department of Civil Engineering
LESSON PLAN (U-111)
Lesson No: 05, 06 Duration of Lesson: 1hr 40 min

Lesson Title: History about hydro power plants, Classification of hydro projects and plants, Typical layouts ,plant
auxiliaries

Instructional / Lesson Objectives:

e To make students understand the concept of history about hydro power plants.
e To familiarize students about the classification of hydro projects and plants.
e Students know about plant auxiliaries.

Teaching AIDS :PPTs, Digital Board

Time Management of Class

05 min for taking attendance

05 min for revision of previous class
80 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — [11 & tutorial-111 sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

Course File ‘{@}‘A
Department of Civil Engineering
LESSON PLAN (U-111)
Lesson No: 07, 08 Duration of Lesson: 1hr 40 min

Lesson Title: Classification of hydro projects and plants, Typical layouts ,plant auxiliaries

Instructional / Lesson Objectives:

e To make students understand the concept of classification of hydro projects and plants.
e To familiarize students about the plant auxiliaries.

Teaching AIDS :PPTs, Digital Board

Time Management of Class

05 min for taking attendance

05 min for revision of previous class
80 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — [11 & tutorial-111 sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering




< Anurag

course e PVEAVNY cicccnc coucccl
Department of Civil Engineering
LESSON PLAN (U-111)
Lesson No: 09, 10,11 Duration of Lesson: 2hr 30 min

Lesson Title: Plant operation and pumped storage plants, Work done curves, Advantages over thermal power plants

Instructional / Lesson Objectives:

e To make students understand the concept of Plant operation and pumped storage plants.
e To familiarize students about the Work done curves.
e To understand students about Advantages over thermal power plants.

Teaching AIDS :PPTs, Digital Board

Time Management of Class

05 min for taking attendance

10 min for revision of previous class
125 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3...)

Refer assignment — [11 & tutorial-111 sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering
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< Anurag

Course File ‘{@}‘A
Department of Civil Engineering
LESSON PLAN (U-1V)
Lesson No: 01, 02 Duration of Lesson: 1lhr 40 min

Lesson Title: Nuclear power station, Nuclear fue, Types of fuels and its history, formation
Instructional / Lesson Objectives.

e To make students understand about the nuclear power station.
e Tofamiliarize students about the types of fuels and its history.
e To understand students about the fuel formation.

Teaching AIDS :PPTs, Digital Board

Time Management of Class

05 min for taking attendance

10 min for revision of previous class
80 min for the lecture delivery

05 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — IV& tutorial-1V sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

course e PVEAVNY cicccnc coucccl
Department of Civil Engineering
LESSON PLAN (U-1V)
Lesson No: 03, 04 Duration of Lesson: 1hr 40 min

Lesson Title: Concept on uranium and fission , fussion, Breeding and fertile materials
Instructional / Lesson Objectives:

e To make students understand about the Concept on uranium material.

e Tofamiliarize students about the fission and fussion.

e To understand students about the Breeding and fertile materials
Teaching AIDS :PPTs, Digital Board ,colour chalks

Time Management of Class

05 min for taking attendance

10 min for revision of previous class
80 min for the lecture delivery

05 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — IV & tutorial-IV sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

Course File ‘{@}‘A
Department of Civil Engineering
LESSON PLAN (U-1V)
Lesson No: 05, 06 Duration of Lesson: 1hr 40 min

Lesson Title: Nuclear reactor , reactor operation, types of reactors, Pressurized water reactor

Instructional / Lesson Objectives:

e To make students understand about the Nuclear reactor , reactor operation.
e Tofamiliarize students about the types of reactors.
e To understand students about the classification of Pressurized water reactors

Teaching AIDS :PPTs, Digital Board

Time Management of Class

05 min for taking attendance

10 min for revision of previous class
80 min for the lecture delivery

05 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — IV & tutorial-IV sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

Course File ‘{@}‘A
Department of Civil Engineering
LESSON PLAN (U-1V)
Lesson No: 07, 08 Duration of Lesson: 1hr 40 min

Lesson Title: Boiling water reactor, Sodium-graphite reactor.

Instructional / Lesson Objectives:

e To make students understand about the boiling water reactor.
e To familiarize students about the Sodium-graphite reactor.

Teaching AIDS :PPTs, Digital Board

Time Management of Class

05 min for taking attendance

10 min for revision of previous class
80 min for the lecture delivery

05 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — IV & tutorial-IV sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

course e PVEAVNY cicccnc coucccl
Department of Civil Engineering
LESSON PLAN (U-1V)
Lesson No: 09, 10 Duration of Lesson: 1hr 40 min

Lesson Title: Fast Breeder Reactor, Gas cooled Reactor

Instructional / Lesson Objectives:

e To make students understand about the detailed concept on Fast Breeder Reactor.
e Tofamiliarize students about the gas cooled Reactor.

Teaching AIDS :PPTs, Digital Board

Time Management of Class

05 min for taking attendance

10 min for revision of previous class
80 min for the lecture delivery

05 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — IV & tutorial-IV sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

course e PVEAVNY cicccnc coucccl
Department of Civil Engineering
LESSON PLAN (U-1V)
Lesson No: 11, 12 Duration of Lesson: 1hr 40 min

Lesson Title: Radiation hazards and shielding, Radioactive waste disposal.
Instructional / Lesson Objectives.

e To make students understand about the radiation hazards and shielding.
e To familiarize students about the radioactive waste disposal.

Teaching AIDS :PPTs, Digital Board

Time Management of Class

05 min for taking attendance

10 min for revision of previous class
80 min for the lecture delivery

05 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4& 1, 3...)

Refer assignment — IV & tutorial-IV sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

course e PVEAVNY cicccnc coucccl
Department of Civil Engineering
LESSON PLAN (U-V)
Lesson No: 01, 02 Duration of Lesson: 1hr 40 min

Lesson Title: Direct energy conversion, Introduction, Solar energy , applications

Instructional / Lesson Objectives:

e To make students understand about Direct energy conversion .
e To familiarize students about the Solar energy , applications.

Teaching AIDS :PPTs, Digital Board

Time Management of Class

05 min for taking attendance

10 min for revision of previous class
80 min for the lecture delivery

05 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — V& tutorial-V sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

course e PVEAVNY cicccnc coucccl
Department of Civil Engineering
LESSON PLAN (U-V)
Lesson No: 03, 04 Duration of Lesson: 1hr 40 min

Lesson Title: Fud cells, Thermo éectric and thermo ionic, MHD generation.

Instructional / Lesson Objectives:

To make students understand about the Fue cels

To familiarize students about the Thermo electric and thermo ionic concepts.
To understand students about the MHD generation.

To provide information on importance and usage of MHD generation.

Teaching AIDS :PPTs, Digital Board

Time Management of Class

05 min for taking attendance

10 min for revision of previous class
80 min for the lecture delivery

05 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3...)

Refer assignment — V & tutorial-V sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

Course File ‘{@}‘A
Department of Civil Engineering
LESSON PLAN (U-V)
Lesson No: 06, 07 Duration of Lesson: 1hr 40 min

Lesson Title: Types and applications, Power plant economics and environmental considerations

Instructional / Lesson Objectives:

e To make students understand about the types and applications of direct energy.
e Tofamiliarize students about the Power plant economics and environmental considerations.

Teaching AIDS :PPTs, Digital Board

Time Management of Class

05 min for taking attendance

05 min for revision of previous class
80 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — V & tutorial-V sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

course e PVEAVNY cicccnc coucccl
Department of Civil Engineering
LESSON PLAN (U-V)
Lesson No: 08, 09 Duration of Lesson: 1hr 40 min

Lesson Title: Capital cost, investment of fixed charges, Operating costs, general arrangement of power distribution

Instructional / Lesson Objectives:

e To make students understand about the Capital cost, investment of fixed charges
e Tofamiliarize students about the Operating costs, general arrangement of power distribution.

Teaching AIDS :PPTs, Digital Board

Time Management of Class

05 min for taking attendance

05 min for revision of previous class
80 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — V & tutorial-V sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

Course File ‘{@}‘A
Department of Civil Engineering
LESSON PLAN (U-V)
Lesson No: 10, 11 Duration of Lesson: 1lhr 40 min

Lesson Title: Load curves, load duration curve, Definitions of connected load, M aximum demand, demand factor,
average load, load factor, diversity factor

Instructional / Lesson Objectives:

e To make students understand about the load curves.

o Tofamiliarize students about the Definitions of connected |oad.

e To understand students about the Maximum demand, demand factor, average load, load factor, diversity
factor.

Teaching AIDS :PPTs, Digital Board

Time Management of Class

05 min for taking attendance

05 min for revision of previous class
80 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — V & tutorial-V sheets

Signature of faculty

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

Course File ‘{@}‘A
Department of Civil Engineering
LESSON PLAN (U-V)
Lesson No: 12, 13 Duration of Lesson: 1lhr 40 min

Lesson Title: Problems on load factor, Effluents from power plants and impact on environment
Instructional / Lesson Objectives.

e To make students understand about the Problems on load factor
e To familiarize students about the Effluents from power plants and impact on environment

Teaching AIDS :PPTs, Digital Board

Time Management of Class

05 min for taking attendance

05 min for revision of previous class
80 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — V & tutorial-V sheets

Signature of faculty

LESSON PLAN (U-V)

Lesson No: 14, 15 Duration of Lesson: 1hr 40 min
AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

Course File
FY¥L )Y N ENGINEERING COLLEGE
(An Autonomous Institution)

Department of Civil Engineering
Lesson Title: Revision of overall syllabus, Old Question papers discussions

Instructional / Lesson Objectives:

e To make students understand about the overall subject.
Teaching AIDS :PPTs, Digital Board

Time Management of Class

05 min for taking attendance

05 min for revision of previous class
80 min for the lecture delivery

10 min for doubts session

Assignment / Questions:
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1, 2, 3,4 & 1, 3..)

Refer assignment — V & tutorial-V sheets

Signature of faculty

ASSIGNMENT -1

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



Course File

Department of Civil Engineering

This Assignment corresponds to Unit No. 1

< Anurag

" ("M Y W ENGINEERING COLLEGE
(An Autonomoaus Institution)

Question . Objective | Outcome
No. Question No. No.
What are different methods used for collection of the dust
1 before sending the flue gas through chimney? Explain them with 1 1
suitable diagrams
5 Discuss the constructional and operational features of retort 1 1
stokers used in thermal power plants.
Discuss the constructional and operational features of retort
3 stokers used in thermal power plants. 1 1
What are different types of hoppers used for coal in steam
4 : 1 1
power plants? Explain them
Signature of HOD Signature of faculty
Date: Date:
AY:2023-24 IV B.Tech Il Sem Power Plant Engineering




Course File

Department of Civil Engineering

ASSIGNMENT -2

This Assignment corresponds to Unit No. 2

< Anurag

" ("M Y W ENGINEERING COLLEGE
(An Autonomoaus Institution)

Question . Objective | Outcome
No. Question No. No.
1 What are the methods by which solar energy can be converted 5 5
into electricity?
5 What are the various factors to be considered while selecting the 5 5
site for diesel engine power plant?
Draw the schematic diagram of magneto hydrodynamic direct
3 energy conversion power generation unit along with their 2 2
auxiliary components and discuss the principle.
Which types of 1.C Engines are used in diesel power plant and
4 . . . 2 2
explain them in detail.
Signature of HOD Signature of faculty
Date: Date:
AY:2023-24 IV B.Tech Il Sem Power Plant Engineering




Course File

Department of Civil Engineering

ASSIGNMENT -3

This Assignment corresponds to Unit No. 3

. Anurag
A\
{An Autonomous Institution)

Question . Objective | Outcome
No. Question No. No.

1 Give the classification and discuss the typical layouts of hydro 3 3
projects
How to make use of the tides for power generation based on

2 . " . . - 3 3
their capacities? Explain the principle of operation

3 Explain about different components of hydroelectric power 3 3
stations.

4 Write about comparison of nuclear plants with thermal plants. 3 3

5 Explain components of nuclear power plant. 3 3

Signature of HOD Signature of faculty

Date:

AY:2023-24 IV B.Tech Il Sem

Date:

Power Plant Engineering




Course File

Department of Civil Engineering

ASSIGNMENT -4

This Assignment corresponds to Unit No. 4

< Anurag

" ("M Y W ENGINEERING COLLEGE
(An Autonomoaus Institution)

Question . Objective | Outcome
No. Question No. No.
1 Explain about different types of nuclear reactors. 4 4
2 Explain about nuclear waste and its disposal. 4 4
3 Explain about types of MHD generators. 4 4
Signature of HOD Signature of faculty

Date:

AY:2023-24

IV B.Tech Il Sem

Date:

Power Plant Engineering




Course File

This Assignment corresponds to Unit No. 5

Department of Civil Engineering

ASSIGNMENT -5

< Anurag

" ("M Y W ENGINEERING COLLEGE
(An Autonomoaus Institution)

Question . Objective | Outcome
No. Question No. No.
1 Write about cost of electrical energy. 5 5
5 llus Explain about Effluents from power plants and impact on 5 5
environment.
Signature of HOD Signature of faculty
Date: Date:
AY:2023-24 IV B.Tech Il Sem Power Plant Engineering




< Anurag

Course File
FY¥L )Y N ENGINEERING COLLEGE
(An Autonomous Institution)

Department of Civil Engineering
TUTORIAL -1

This tutorial correspondsto Unit No. 1 (Objective Nos.: 1, Outcome Nos.: 1)

Q1. Which of these is a ‘working fluid’ in liquid phase?

A) Water B)  Steam
C) Mercury D) Oxygen

Q2. What kind of energy output is obtained from a ‘Steam Power Plant’?

A) Heat energy B) Sound energy

(@) Electricity D) Thermal energy

Q3. Shaft work isfed to for getting an electrical output.

A) Motor B) Generator

C) Rotor D) Accelerator

Signature of HOD Signature of faculty
Date: Date:

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

Course File
FY¥L )Y N ENGINEERING COLLEGE
(An Autonomous Institution)

Department of Civil Engineering
TUTORIAL -2

This tutorial correspondsto Unit No. 2 (Objective Nos.: 2, Outcome Nos.: 2)

Q1. The diesel plants are mainly used

A) As peak load plants B) As base load plants.

C) As standby power plants. D) Both pesk and stand by plants.
Q2. The speed of the diesel engine may vary from

A) 0— 100 rpm B) 200 — 1000 rpm

(@) 500 -5000 rpm D) 1000 — 3000 rpm

Q3. The high air-fuel ratio in gas turbines

A) Increases power output B) Improves thermal efficiency

C) Reduces exhaust temperature D) Do not damage turbine blades

Signature of HOD Signature of faculty
Date: Date:

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



< Anurag

Course File
FY¥L )Y N ENGINEERING COLLEGE
(An Autonomous Institution)

Department of Civil Engineering

TUTORIAL -3

This tutorial correspondsto Unit No. 3 (Objective Nos.: 3, Outcome Nos.: 3)
Q1. Which element of hydroelectric power plant prevents the penstock from water hammer phenomenon?

A) Valves and Gates B) Draft tubes
(@) Spillway D) Surge Tank

Q2. Penstock in a hydroelectric power plant is
A) apipe connected to runner outlet

B) nozzle that release high pressure water on turbine blades
C) aconduit connecting fore bay to scroll case of turbine
D) a pipe connecting surge tank to dam

Q3 Which statement about surge tank iswrong?

A) ldeal location of surge tank is at the turbine inlet

B) A decrease in load demands cause arise in water level in surge tank

C) Surgetanks are totally closed to avoid entry of unwanted objects to penstock
D) Surgetanks are installed to reduce harm effects of water hammer phenomenon

Signature of HOD Signature of faculty

Date: Date:
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FY¥L )Y N ENGINEERING COLLEGE
(An Autonomous Institution)

Department of Civil Engineering
TUTORIAL -4

This tutorial correspondsto Unit No. 4 (Objective Nos.: 3, Outcome Nos.: 3)

Q1. The best capable alternative source which can meet the future energy demand is
A) thermal power plant

B) nuclear power plant

C) hydroelectric power plant

D) geothermal power plant

Q2. Nuclear fuel in reactor lasts for
A) more than 5 months

B) few weeks

C) few days

D) morethan 5 years

Q3. What isthe overall efficiency of nuclear power plant?
A) 20 to 25%
B) 25t0 30%
C) 30to 40 %
D) 50to 70 %
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FY¥L )Y N ENGINEERING COLLEGE
(An Autonomous Institution)

Department of Civil Engineering
TUTORIAL -5

This tutorial correspondsto Unit No. 5 (Objective Nos.: 5, Outcome Nos.: 5)

Q1. Ineconomics of power plant taxes and insurance charges are taken as
A) operating cost

B) maintenance cost

C) capital cost

D) fixed cost

Q2. Which of the following are not taken as operation and maintenance cost in economics of nuclear power
plant?

A) Taxes and insurance

B) Salaries and wages of staff

C) Cog of waste disposal

D) Cost of processing materials

Signature of HOD Signature of faculty
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Course File Af@}l“
Department of Civil Engineering
EVALUATION STRATEGY
Target ()
a. Percentageof Pass : 95%

Assessment Method (S) (Maximum Marks for evaluation are defined in the Academic Regulations)

a
b.

o

d.

e.

Daily Attendance

Assignments

Online Quiz (or) Seminars
Continuous Internal Assessment

Semester / End Examination

List out any new topic(s) or any innovation you would like to introduce in teaching the subjects in this

semester

Case Study of any one existing application
Signature of HOD Signature of faculty
Date: Date:

AY:2023-24 IV B.Tech Il Sem Power Plant Engineering



Course File

Department of Civil Engineering

COURSE COMPLETION STATUS

Actual Date of Completion & Remarks if any

. Anurag
A\
{An Autonomous Institution)

. Objective No. | Outcome No.
units Remarks Achieved | Achieved
Unit 1 Completed on 08.12.2023 1 1
Unit 2 Completed on 29.12.2023 2 2
Unit 3 Completed on 23.02.2024 3 3
Unit 4 Completed on 12.03.2024 4 4
Unit 5 Completed on 03.04.2023 5 5

Signature of HOD Signature of faculty
Date: Date:
AY:2023-24 IV B.Tech Il Sem Power Plant Engineering




Course File

Department of Civil Engineering

M appings

1. Course Objectives-Cour se Outcomes Relationship Matrix

(Indicate the relationships by mark “X’)

A, Anurag
A\

aus Institution)

Course-Outcomes
1 2 3 4 5
Course-Objectives
1 H M
2 H
3 H M
4 M H
5 L H
2. Course Outcomes-Program Outcomes (POs) & PSOs Relationship Matrix
(Indicate the relationships by mark “X”)
utcomes
POL | PO2 | PO3 | PO4 | PO5 | POS | PO7 | POB | POY | PO10 | POLL | PO12 | 730 | P50
C-Outcom
1 H H H
2 H H H H
3 H H M M
4 L H M
5 H H
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< Anurag

" ("M Y W ENGINEERING COLLEGE
(An Autonomoaus Institution)

Department of Civil Engineering

Rubric for Evaluation

Unsatisfactory Deveoping Satisfactory Exemplary
Performance Criteria
1 2 3 4
. Collects some
Does not collect any Collectsvery little : . Collectsagreeat ded
Re&rﬁ;g?ﬁ at%ither information that information some rzaos stcrlggtjgznt% of Information all
relatesto thetopic relates to thetopic topic relatesto thetopic
Does not perform . .
, : Performsvery little | Performsnearly al | Performsal duties of
Fulfill team role’s duty any duties of duties. duties. assigned team role.
assignedteamrole.
Always relieson Rarely does the Usu_al ly doesthe Alw_ays does the
Share Equall othersto do the assigned work - often assigned work - assigned work
qually 9 o rarely needs without having to be
work. needs reminding. g )
reminding. reminded
. Isawaystalking— | Usualy doing most of Listens, but .
Listen tr%;)It;er team never dlowsanyone | thetalking--rarely sometimestalks | - stzjs; Z;goslﬁﬁaks a
elseto speak. alows otEers to too much. :
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f&" (An Autenomous Insbtution)

ANURAG Engineering College

Eéumu il | Ananthagin (Y &M), Suryapel (D}, Telangone - 308206,
IV B.Tech 1T Scmesier 1 MID Examinations, fan 2024

Max. blarks: 20

Branch: CTVIL
Drate: 12012024 AN Bubject : POWER PLANT ENGINEERING

Tome: O Min.

Answer all the yuestiony

PART-A

3 X LM=5 Marks

i Course  Bloam®s
2-NO Luestion Ontcome Level
1. What are different components of pulverized fuel buming systcm? ool LI
2. Difterentiote between underfeed and overfeed fuel bed systems. ] L1
3. Explain the swrhing equipment used [oe the intenial combustion engine co L2
power planl
4.  Expiain differcut non conventional zources for prwer geaeration K2 Lt
5 Dvfferentisie hetwesn dams and spillways used in Toedeo electric power CO3 Iz
plants.
FART-B
Answer the following A X 5M=15 Marks
Course Bloom*s
QU Question Outecme Level
6. Exploin the general layour of ash handling and dusi collection systens. ] L3
OR
7. What are different types of hoppers wsed for coul i steam powet prlants? 0l La
Explain them
8.  Descrbe the varicus melhods used for starting digsel engne. Deseribe 1he 2oz L4
correct sequeance of steps for starting and stapping procedute.
OR
a. Compare (e principle of operation of cnmbined cycle power plamt witl: CO2 L3
the generanon uwml along with (hewr lirilabions.
1k, Tlow o mike use of the tides for power generstion hased on theur CO3 L4
capacitkes” Explamn the pnneiple of operation.
DR
11. What is a spillway? Why spillways are required? Whal are the diflecent 203 L3

types of spillways?
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| {Au Ant [ustifurion)
:.- ALl omE LRSTirarion
1&_@.# Ananthagice (¥ &M, Sureapet (0}, Telangana - 504205,
IV B.Tech I1 Sewester [T MID Exawibations, Apal 2024
Branch: CTVIL Max. Marks: 20
Dratec10-04-2024 FN Sabjecd : FOWER FLAKT ENGINEERING  Time: ™ Mio.
I'ART-A
Answer all the questions 3 X% Ind=3 Marks
0O.NO Cruestion Conrse Bloom™s
Dutcome Level
1.  Discuss the fimction of penstock mpe, 12003 L2
e IMacuss radinactive wante disposal, 1 1.2
3. What are fupstions of refleetor, o L]
d, Thefine therma $lactrie cifoet, S Ll
5. Deifne convected laad COs L2
PART-B
Answer ibe Followilng 3K SM=15 Marks
Q.NO uestion {nonrae Hlaam™s
Outrome Level
f, Dusenss the classificanien of bydm electns power plunts. Co3 L3
R
7. Construct hydropraph and discwss the wac of the samc with the auitalile (X33 1.4
example,
8  Caplun with nest sketch workong of sular power plandt. 0 L2
OR
' What is the imperanse of renewalble energy? Explain the weotking of cod L4
borizontal axis wind wrbine (HAWT)
. A power stetion has a maxirwm dernand of 30 > 1F kW and daily Inad — £05 4
puryy is dulinod as Jollows -
Time '

ghr) i1 a-E g-12 | l2-14 | L1418 | 1§22 | 234

R
i1. Expliin the thermal power plant pollubion and discuss methods o0 redoce COs L3

the pollation,



First Internal Examination Marks

Programme: B Tech Year: 1V Course: Theory AY: 2023-24

Course: POWER PLANT ENGINEERING Section: A Faculty Name: D.VNV LAXMI ALEKHYA

SNo.| H.T.No. | Mid-I | Assignment - | 'V'Tigtél' Mid - 11 ASSing‘Ime”t ; M‘Iigt:al” AVG
1 19C11A0117 14 5 19 18 5 23 21
2 20C11A0101 8 5 13 16 5 21 17
3 20C11A0102 14 5 19 17 5 22 21
4 20C11A0103 7 5 12 AB 5 5 9
5 20C11A0104 13 5 18 15 5 20 19
6 20C11A0105 13 5 18 18 5 23 21
7 20C11A0107 4 5 9 4 5 9 9
8 20C11A0108 15 AB 15 15 5 20 18
9 20C11A0109 12 5 17 14 AB 14 16
10 | 20C11A0111 2 5 7 4 5 9 8
11 | 20C11A0112 1 5 6 13 5 18 12
12 | 20C11A0113 11 5 16 13 5 18 17
13 | 20C11A0114 14 5 19 17 5 22 21
14 | 20C11A0115 8 5 13 10 5 15 14
15 | 20C11A0116 14 5 19 19 5 24 22
16 | 20C11A0117 12 5 17 15 5 20 19
17 | 20C11A0118 11 5 16 6 5 11 14
18 | 20C11A0119 AB 5 5 20 5 25 15




19 | 20C11A0120 6 AB 6 8 AB 8 7

20 | 20C11A0121 18 5 23 20 5 25 24
21 | 20C11A0122 16 5 21 20 5 25 23
22 | 20C11A0124 6 5 11 AB 5 5 8

23 | 20C11A0125 14 5 19 17 5 22 21
24 | 20C11A0126 AB 5 5 14 5 19 12
25 | 20C11A0127 AB 5 5 20 5 25 15
26 | 21C15A0101 AB 5 5 19 5 24 15
27 | 21C15A0102 11 5 16 16 5 21 19
28 | 21C15A0103 17 5 22 20 5 25 24
29 | 21C15A0104 11 5 16 15 5 20 18
30 | 21C15A0105 15 5 20 20 5 25 23
31 | 21C15A0106 18 5 23 18 5 23 23
32 | 21C15A0107 17 5 22 20 5 25 24
33 | 21C15A0108 15 5 20 16 5 21 21
34 | 21C15A0109 12 5 17 17 5 22 20
35 | 21C15A0110 16 5 21 17 5 22 22
36 | 21C15A0111 14 5 19 15 5 20 20
37 | 21C15A0112 9 5 14 17 5 22 18
38 | 21C15A0113 18 5 23 20 5 25 24
39 | 21C15A0114 15 5 20 18 5 23 22




40 | 21C15A0115 17 22 19 5 24 23
41 | 21C15A0116 11 16 20 5 25 21
42 | 21C15A0117 15 20 20 5 25 23
43 | 21C15A0120 14 19 20 5 25 22
44 | 21C15A0121 11 16 18 5 23 20

No. of Absentees: NIL

Total Strength: 44
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FOWER PLANT ENGINEERING
CHAPTER-]

1O INTRODLCTION
Enperay.

Energy possesses the ability to produce a dynamic, vital effect. Energy exists in various
forms. e g, mechamcal, thermal, electrical etc. Ome form of energy can trunsform w other by

suitable arrangements.
Power:

Any Physical unit of energy when drvided by a unit of time automatically becomes a
unit of power, Power can be defined as rate of flow of energy and can state that a power plant
15 @ unit built for production and delivery of flow of mechanical and electrical energy.

With the advancement of technology the power consumption 15 rising steadily. This
necessitates that in addition to the existing source of power such as coal, water, petroleum ete,
other source of energy should be searched out and new and more efficient wavs of producing
energy should be decwded
ILLSOURCES OF ENERGY

The varous sources of energy are:

& Fuels- 1. Sobds-Coal, Coke Anthracite etc.

2. Lguids-Petroleun and its dervates
3. Gascs-Natural gas. blast furnace gas etc
s Energy stored m water
o Nuclear energy
=  Wind energy
®  Solar energy
s  Tidal encrgy
# (eothermal energy
s Thermoelectric power

LL1. Fuels:
Fuels may be chemical or nuclear. A chemical fuel 5 a substance whach releases heat

energy on combustion. The principal combustible elements of each fuel are carbon and
hydrogen
Sohd Fuels

Cuoal:
Coal is the largest source of energy for the peneration of electnety worldwide, as well

as one of the largest worldwide anthropogenic sources of carbon dioxide releases. 1is main
constituents are carbon, hydrogen, oxveen, nirogen, sulphur, moisture and ash Coal passes
through different stages durmmg its formation from vegetation. Coal has been used as an energy
resource, primarily burned for the production of electricity andfor heat. and 15 also used for
mdustrial purposes, such as refining metals. A fiossil fuel, coal forms when dead plant matter is
converted into peat, which m turn 15 converted mto lignite, then sub-bituminous coal, afier
that bituminous coal, and lastly anthracite, This involves bological and geological processes
that take place over a long period
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Peat:

It s the | stage of formation of coal from wood. It contains huge amount of moisture
and therefore it is dried for 1 1o 2 months before it s put to use. It 15 used as domestic fuel

Lignite and Brown Coals:

These are intermediate stages between peat and coals. They have a woody and often a
clay like appearance associated with high moisture, high ash, low heat contents. Lignite are
usually amorphous m character and impose transport difficulties as they break easily. They
burn with a smoky flame.

Bituminous Coal:

It bums with long vellow and smokv flames and has high percentages of volatile
matter

Semi bituminous Coal:

It 15 softer than anthracie and burns with a verv small amount of smoke. It has
tendency to break imto small sizes during storage and transportation.

Semit Anthracite:

It has less fixed carbon and less luster as compared to tree anthracie and gives out
longer and more luminous flames when burnt.

Anthracite:

It 15 very hard coal and has a shining black luster It ignites slowly unless the furnace
temperature is high It burns either with very short blue flames or without Aames and very
suitable for stem generation,

Wood charcoal:

It 15 obtamed by destructive distillation of wood. Durmg the process the volatile matter
and water are expelled. The physical propertics of the residue{Charcoal) however depends
upon the rate of heating and temperature.

Coke:

It consists of carbon, mineral marer with sulphur and small gquantties of hvdrogen,
nitrogen and phosphorus It s solid residoe after the destruoctive distillation of coals. It 1s
smokeless and clear fuel and can be produced by several processes It is mainly used i blast
furmace to produce heat.

HBriguettes:
These are prepared from fine coals by compressing the material under high pressure

Analyzis of Coal

The following two types of analyvsis are done on the coals
l. Proxamate analysis
2. Ultimate analysis

121
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In procamate analysis mdividual clements are not determined. o Toentage o

moisture, volatile matter, fixed carbon and ash are determined In ulnmate analysis the
percentage of vanous clements are determined.

Properties of Coal:

Energy content or heating value

Sulphur content

Buming Characterstics

Grind ability

Weather ability

Ash sofieming temperature

A good coal should have: -
Small percentage of sulphur
Cond burming characteristics

Liguid Fuels:

The chief sources of liquid fuels are petroleum which 15 obtamed from wells under the

earth’s erust. These fuels have proved more advantageous in comparison to solid foels

Advantages:

Require less space for storages

Higher calonfic values

Easy control of consumpton

Stalf economy

Absence of danger from spontanecous combushion
Easy handling and transportation

Cleanliness

No ash problem

MNon-deterioration of the o1l m storage

Petroleum:

These are different opinions regarding the origm of petroleum. Now it 18 accepted that

Petroleum has originated probably from organic matter like fish and plant ife etc ., by bacterial
action or by thew distillation under pressure and heat. It consists of a mixture of gasses, liquids,
amd solid hvdrocarbons with small amount of nitrogen and sulphur compounds.

Graseons Fuels:

Matural Gas: The mam constitsents of ratural gas are methane and ethane. Matural gas

s nsed alternately or simultaneously with ol for internal combustion engine

Advantages

" & & B

Better control of combustion

Much less excess air 15 needed for complete combustion
Economy in fuel and more efficiency of furnace operation
Easy maintenance of oxidizing or reducing atmosphere
Cleanliness

Mo problem of storage

Instribution over & wide area s easy

131
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Important Propertics:

Heating Value

Viscosity

Spectfic gravity

Density

Diffusibality

1.1.3. Flowing Stream of Water:

The energy contamned m flowmg stream of water 15 a form of mechamical energy It
mav exist as the kinetic energy of a moving stream or potential enerzy of waler at some

elevation with respect to a lower datum level. an example of which would be the water held
behind a dam

1.1.4. Solar Ravs:

Solar energy, radiant light and heat from the sun, 15 harnessed using a range of cver-
evolving technologies such assolar heating, photovoliaic, concentrated solar power, solar
architecture and artificial photosynthesis. Solar technologies are broadly characterized as
either passive solar or actrve solar depending on the way they capture, convert and distribute
solar epergy. Passive solar technigues include orienting a building to the Sun. selecting
materials with favorable thermal mass or hght dispersing propertics, and designing spaces
that naturally circulate air  Active solar technologies encompass solar thermal energy,
using solar collectors for heatmg, and solar power, converting sunhight into electricity either
directly using photovoltae (PV), or indwectly using concentrated solar power

L.LA. Wind Power;

Airflows can be wsed to run wind turbines. Modern utility-scale wind turbines range
from around 600 kW to 5 MW of rated power, although turbines with rated output of 1.5-3
MW have become the most common for commercial use, the power available from the wind is
a function of the cube of the wind speed, so as wind speed increases, power oulput Increases up
to the maximum output for the particular turbine,

1.1.7. Ocean Tides and Waves:

Wave, tidal and ocean energy technologees are just beginming to reach viability as
potential commercial power sources. Waves are produced by winds blowing acrozs the surface
of the oecean, However, because waves travel across the ocean, their ammival time at the wave
power facility may be more predictable than wind. In contrast, tidal energy, which is driven by
the gravitational pull of the moon and sun, s predictable centunes in advance. The
technologies needed to generate electricity from wave and tidal energy,

1.L8. Geathermal Energy:

Geothermal energy is from thermal encrgy generated and stored m the Earth. Thermal
energy is the energy that determines the temperature of matter Earths geothermal energy
orzmates from the orignal formation of the planet (20%) and from radwactive decay of
minerals (§0%) The geothermal gradient, which 15 the difference in temperature between the
core of the planet and its surface, drives a continuous conduction of thermal energy in the form
of heat from the core to the surface.

14
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1.2. Concept of Power Statiom:

A power station (also  referred o as a BEnerating SIATION, POWer
plant, powerhouse or generating plant) 5 an industrial facility for the generation of electnic
power. Each power station contains one Or more generators, a rotating machine that converts
mechanical power intoelectrical power by creating relative motion between a magnetic
field and a conductor, The encrgy source harnessed o tum the generator vares widely, Most
power stations in the world burn fossil fuels such ascoal, oil, and natural gas o pencrate
electrecity. and some use nuclear power. but there 15 an mcreasing use of cleaner renewable
sources such as solar, wind, wave and hvdroelectric.

1.2.1. Central Power Siation:

Ihe Central Power Station 15 the distribution point for campus utiditics, including
electricity, heat, cooling, 60-pound steam, compressed air, and natural gas. 1t has co-generation
capability, which allows it to produce up to 30% of the campus ¢lectrical demand as a by-
product of steam production The Central Power Ststion staff is responsible for the
maintenance of 3 miles of tunnels, through which the utilities are distributed. The Central
Power Station 15 presently undertaking an extensive sers of upgrades to increase its efficency
and 1is capacity to serve new buildmngs and planned future development on the east side of
campus. Reductions m energy consumption and environmental impact are major considerat ions
i the design

1.2.2. Captive Power Station:

Captive Generating plant means apower plant set wp by any person to generate
electricity pnimanily for his or her own use and cludes apower plant set up by any co-
operative socwety o association of persons for generating electricty prmarily for use of
members of such go-operative society or assocition.

1.3. Types of Power Plants:

1.3.1. Coal Based Thermal Power Plants:

In thermal power stations, mechanical power 8 produced by a heal engine that
transforms thermal energy, often from combustionof a fuel, mto rotational energy. Most
thermal power stations produce steam. so they are sometimes called stecam power stations. Not
all thermal energy can be transformed into mechanical power, according to the second law of
thermodynamics; therefore, there 1 alwayvs heal lost to the environment If this loss s
emploved as useful heat, for industrial processes or district heating, the power plant 15 referred
to as cogeneration power plant ar CHP (combined heat-and-power) plant. In countries where
district heating 15 common, there are dedicated heat plants called heat-only boiler stations.
A coal-fired power station produces heat by burning coal in a steam boiler. The steam drives
a steam turbme and generator that then produces electricity The waste products of combustion
mclude ash. sulphur dioxide. mitrogen oxides and carbon dioxide. Some of the gases can be
removed from the waste stream to reduce pollution
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1.3.2. MNuclear Power Plants:

MNuclear power plants use a noclear reactor's heat that s transferred to steam which then
operates 8 steam turbine and penerator. The conversion 1o electrical energy takes place
indirectly, as in conventional thermal power plants The heat 15 produced by fission in a nuclear
reactor (a light water reactor). Directly or mdirectly, water vapor (stcam] 15 produced. The
pressurized steam is then usually fed to a multi-stage steam turbine. After the steam turbine has
expanded and partially condensed the steam, the remaining vapor & condensed in a condenser
The condenser is a heat exchanger which i1s connected fo a secondary side such as a river or
a cooling tower. The water 5 then pumped back into the nuclear reactor and the cyele begins
again. The water-steam cyvele corresponds to the Rankine cyvele. A nuclear reactor s a device to
mifiate and control a sustained nuclear chain reaction The most common use of nuclear
reactors 15 for the generation of electric energy and for the propulsion of ships. The nuclear
reactor 18 the heart of the plant. In ns central part, the reactor core’s heat 1= generated by
controlfed nuclear fission. With this heat, a coolant 15 heated as it is pumped through the
reactor and therehy removes the energy from the reactor. Heat from noclear fission is used to
raise steam., which runs through turbines, which in turn powers either ship's propellers or
glectrical generators. Since nuclear fission creates radinactivity, the reactor core 18 surrounded
by a protective shield This contamment absorbs radiation and prevents radioactive
material from being released nto the environment In addition, many reactars are equipped
with a dome of concrete to protect the reactor agamst both internal caspalties and external
Impacs.

1.5.3. Diesel Power Flants:
Digsel power plant ‘s 15 in the range of 2 to 50 MW capacity. They are used as central

station for small or medium power supplhies

* They can be used as stand-by plants to hydro-electric power plants and steam power
plants for emergency services.

# They can be used as pezk load plants in combinations with thermal or hydro-plants

* They are quie suitable for mobtle power generation and are widelv used In
transportation systems such as automobiles, raillways, air planes and ships.

¢  MNow-a-days power cut has become a regular feature for industries, The only solution to
tide over this difficulty is to install diesel generating sets.

16]
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Layout diesel engine power plant:
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Layout of Diesel Engine Power Plant
Diesel engine:

Diesel engmes or compression ignion engines as they are called are gererally classified as
two stroke engine and four stroke engines. In diesel engine, ar admitted nto the cvlinder 15
compressed, the compression ratio being 12 to 200 At the end of compression stroke, fuel is
mjected. 1t burns and the burning gases expand and do work on the posiion. The engine is
directly coupled te the generator. The gases are then exhausted from the cylinder to

atmosphere.

Engine starting system:

This includes air compressor and starting air tank. The function of this system 15 to start
the engine from cold supplying compressed air,

Fuel system:

Fump draws diesel from storage tank and supplies it to the small day tank through the
filter. Day tank supplhes the daily fuel need of engine. The day tan 15 usually placed high so
that dicsel flows to engine under gravity. Diesel is again filtered before being mjected into the
engine by the fuel njection pump. The fuel is supplied to the engine according to the load on
the plant

Ajir intake sviteni:

Air filters are used o0 remove dust from the ncommg ar. Air filters may be dry Lype.
which is made up of felt, wool or cloth. In oil bath type filters, the sir is swept over a bath of cil
50 that dust particles get coated.

Exhaust sysiem:
In the exhaust svsiem, silencer (mufTler) is providing to reduce the noise.

17
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Engi i 2

The temperature of burning gases in the engine cylinder & the order of 1300 1o 20:00°C,
to keep the temperature at the reasonable level water s circulated inside the enging in water
jackets which are passage around the cylinder, piston, combustion chamber ctc, hot water
leaving the jacket is sent  heat exchanger Raw water 5 made to flow through the heat
exchanger, where it takes up the heat of jacket water, It is then cooled in the cooling tower and
recirculates again

It includes lubricating oil tank, oil pump and cooler. Lubrication is essential to reduce
friction and wear of engine pans such as cylinder walls and piston. Lubricating oil which gets
heated due to friction of moving parts 15 cooled before recirculation The cooling water used n
the engine 15 used for cooling the lubricant also.

Advantages of diesel power plant:

o  Plant lavout s simple. Hence it can be quickly installed and commissioned, while the
erection and starting of a steam power plant or hydro-plant takes a fairly long time.
Duick starting and casy pick-up of loads are possible in a very short time

Location of the plant is near the load center

The load operation 15 easy and requires minimum labors.

Efficiency at part loads does not fall so much as that of a steam plant

Fuel handling is easier and no problem of ash disposal exists.

The plant 15 smaller in size than steam power plant for same capacity

Diesel plants operate at high overall efficiency than steam.

Plant capacity s mited to about 50 MW of power.

Diesel fuel 15 much more expensive than coal,

The maintenance and lubrication costs are high.

Diesel ergines are not guaranteed for operation under continsous, while steam can
work under 25% of overload continuously,

1.3.4. Gas Turhine Power Plant:
Cias turbine engines derive their power from burnmng fuel in a combuston chamber and

using the fast flowing combustiion gases to drive a turbme m much the same way as the hizh
pressure steam drives a steam turbine
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COMBUSTION CHAMBER

FUEL BURNER _ JET PIPE AND
AR INTAKE PIROMELLING HOLILE
Ore major difference however 15 that the gas turbine has a second turbine acting as an air
compressor mounted on the same shaft. The arr turbing {compressor) draws n air, compresses
it and feeds i at high pressure into the combustion chamber increasing the intensity of the
burning flame
It s a positive feedback mechamsm, As the gas turbine speeds up, o also causes the
compressor to speed up forcimg more ar through the combustion chamber which in turn
mcreases the bum rate of the fuel sending more high pressure hot gases into the gas turbine
mcreasing its speed even more Uncontrolled runaway is prevented by controls on the fuel
supphy line which limit the amount of fuel fed to the turbine thus limiting s speed.
The thermodynamic process used by the gas turbine 18 known as the Brayton cvcle. Amalogous
to the Carnot cyele m which the efficiency 5 maximized by mereasing the temperature
dufterence of the working fluid between the imput and output of the maching, the Brayton cycle
cfficiency 15 maximized by increasing the pressure difference across the machine. The gas
turbine 15 comprised of three mam components: a compressor, a combustor, and a turbme. The
working fluwd, air, is compressed in the compressor (adiabatic compression - no heat gain or
loss), then mixed with fuel and burned by the combustor under constant pressure conditions in
the combustion chamber (constant pressure heat addison) The resulting hot eas expands
through the turbine to perform work {(adiabatic expansion). Much of the power produced n the
turbing is used to run the compressor and the rest i3 avaikable to run aualiary equipment and do
usetinl work, The system is an open system because the air is not reused so that the fourth step
in the cyele, cooling the working fluid. s omitted,

-
Gas Turbine Aero Engine

{ras turbines have a very high power to weight ratio and are hghter and smaller than internal
combustion engines of the same power, Though they are mechanically simpler than
reciprocating engines, thewr charactenstics of high speed and high temperature operation
require high precision components and exotic matermls making them more expensive to
manufacture,
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Turbine Configurations

Gias turbine power generators are used in two basic configurations
« Simple Systems consisting of the gas wrbine driving an electrical power generator.

Fuel Vakie
I
Synchennous
il Generalor
Spesd

Gas Turbine Electric Power Generation

= Combined Cycle Svstems which are designed for maximum efficiency m which the hot
exhaust pases from the gas turbine are used to raise steam to power o steam turbine with
both turbines being connected to electricity generators

SynchronoLs
Generalor

T,

Exhaust
Gasas
Steam g
Electricity Ce-generation

Applications

Gas turbines can be used for large scale power peneration Examples are applications
delrvering 600 MW or more from a 400 MW gas turbine coupled to a 200 MW steam turbine
in 4 co-generating installation. Such installations are not normally used for base load electriciy
generation, but for bringing power to remote sites such as oil and gas ficlds. They do however
find use in the major electricity grids in peak shaving applications o provide emergency peak
POWEL.
Low power gas turbine generating sets with capacities up to 5 MW can be accommodated in
transportation containers 1o provide mobile emergency electricity supplies which can delivered
by truck to the point of need.
1.3.5. Hydel Power Plant:

Hvdroelectricity is the term reterring to electricity generated by hvdropower; the
production of electncal power through the use of the gravitational force of falling or flowing
water. It 18 the most widely used form of renewable energy
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Crencrating methods

Higeh capi, Trw, [l

Conventional {dams)

Most hydroclectric power comes from the potential encrgy of dammed water driving a water
turbine and generator. The power extracted from the water depends on the volume and on the
difference in height between the source and the water's outflow. This height difference 15 called
the head The amount of potential energy in water is proportional to the head. A large pipe (e
"penstock” ) delivers water 1o the turbing.

Pumped-storaze

This method produces electricityv to supply high peak demands by moving water
between reservoirs at different elevations. At times of low electrical demand, the excess
generation capacity 15 used to pump water info the higher reservor. When the demand 1s
becomes preater, water 15 released back imnto the lower reservor through a turbme Pumped-
storage schemes currently provide the most commercially rmportant means of large-scale gnd
energy storage and mprove the daily capacity factor of the generation system. Pumped storage
15 not an energy source, and appears as a negative number in hstings

Ruon of the river

Run of the river hvdroelectnic stations are those with small or no reservorr capacity, 5o that the
wiler coming from upstream must be used for peneration at that moment, or must be allowed
to bypass the dam. [n the United States, mun of the river hydropower could potentially provide
60,000 MW (about 13.7% of total use in 2011 if continuously available).

Tide

A tidal power station makes use of the daily rise and fall of ocean water due to tides: such
sources are highly predictable, and if conditwons permit construction of reservoirs, can also
be dispatchable to generate power during high demand periods. Less common types of hydro
schemes use water's kinetic energy or undammed sources such as undershot waterwheels Tidal
power 15 viable m a relatively small number of locations around the world In Great Britain,
there are eight sites that could be developed. which have the potential to generate 20% of the
electricity used i 2012
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Advantages

Flexibility

Low power costs

Suitability for industrial applications
Reduced CO- emissions

Disadvantages

Ecosvstem damage and loss of land
Siltation and flow shortage

Methane emissions (from reservoms)
Relocation

Failure risks

Wind Mill;-

&8 8 B F B8

1.3

Wind power s extracted fromar  flow using wind  turbines or sails to produce
mechanical or electrical power. Windmills are used for ther mechamcal power, wind
pumps for water pumping. and sals to propel ships. Wind energv as an alternative to fossil
fuels. 15 plentiful, remewable, widely distributed, clean, produces no greenhouse gas emissions
during operation and uses litle land The effects on the environment are generally less
problematic than those from other power sources. Large wind farms consist of thousands of
individual wind turbines which are connected to the transmission network, According to the
recent ELI amalvsis for new constructions, onshore wind is an inexpensive source of clectricity.
competitive with or in many places cheaper than coal, gas or fossil fuel plants. Offshore wind
15 steadier and stronger than on land, and offshore farms have less visual impact, but
construction and mamntenance costs are considerably higher. Small onshore wind farms can
feed some energy into the grid or provide electricity to solated off-grid locations.

Wind power 1= very consisterd from year to vear but has sygnificant varmtion over
shorter time scales It s therefore used in conjunction with other sources to give a reliable
supply. As the proportion of wind power 1 a region increases, a need to upgrade the grid, and
a lowered ability to supplant conveniinal production can occur Power management
techniques such as having excess capacity, geographically distributed turbines, dispatch able
backing sources; sutficient hydroelectric power, exporting and importing power to neighboring
areas, of reducing demand when wind production 15 low. can in many cases overcome these
problems. In addition, weather forecasting permits the electricity network to be readied for the
predictable variations n production that occur,

1.3.7. Tide Power Plani:-

Tidal power. also called tidal energy, 15 a form of hydropower that converts the energy
of tides mto wseful forms of power, mamly electricity. Although not vet wdely used, tadal
power has potential for future electricty generation. Tides are more predictable than encrgy
and solar power. Among sources of renewable energy, tidal power has traditwonally suffered
from relatively high cost and limited availability of sites with sufficiently high tidal ranges or
flow velocities, thus constricting its fotal availabality.

Twdal power 15 taken from the Earth's oceanic tides; tidal forces are perwdic vaniations
i gravitational attraction exerted by celestial bodies, These forces create comesponding
mations or currents m the world's oceans. Due to the strong attractson to the oceans, a bulge in
the water level 15 created, causing a temporary increase m sca level. When the sea level is
raised, water from the muddle of the ocean is forced to move toward the shorelines, creating a
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tide. This eccurrence takes place in an unfailing manner. due to the conSi
moon’s orbil around the earth. The magnitude and character of this motion reflects the
changing positions of the Moon and Sun relative to the Earth, the effects of Eanh's rotation,
and local geography of the sea floor and coastlines, A tidal generator convens the energy of
tidal flows into electricity. Greater tidal varation and mgher tidal current velociies can
dramatically increase the potential of'a site for tidal electricity gencration.

1.3.8. Geothermal Power Plant:-

Geothermal electnoty s electricy generated from geothermal energy, The earth’s heat
content 15 about 107 joules This heat naturally flows to the surface by conduction at a rate of
44 2 terawatts (TWL and is replenished by radioactive decay at a rate of 30 TW. These power
rates are more than double humanity’s curment energy consumption ffom primary sources.
Electricity generation requires high temperaiure resources that can only come from deep
underground. The heat must be camed to the surface by flud circulation, cither
through magma conduits, hot springs. hydrothermal circulation. oil wells, drilled water wells,
or a combination of these. This circulation sometimes exists naturally where the crust is thin:
magma conduits brmg heat close 1o the surface. and hot springs bring the heat w© the surface.

In ground that 15 hot but dry. or where water pressure 15 inadequate, imjected fluad can
stimulate production. Developers bore two holes mito a candidate site, and fracture the rock
between them with exploswes or high pressure water Then they pump water or hguefied
carbon dinxide down one borehole, snd 1 comes up the other borchole as a gas Heat from a
fuel source {in geothermal case, the earth's core) 15 wsed to heat water or another working fluad
The working fluid = then wsed to turn & turbing of a generator, thereby producing electricity.
The thad = then conled and returmed to the heat source

1,49, Direct Engrgy Conversion Sysiem;

Transformatien of one type of energy (such as sunlight) to another (such as electricity ) without
passing  through an imtermediate stage {such  as  steam (o spin generator turbimes)  Energy
transformation or energy conversion is the process of changing one form of emergy to another, In physics,
the term energy describes the capacity o produce certain changes within a system, without regard to
limitations in trarsformation imposed Changes in total eneegy of systems can only be accomplished by
adding of removing energy from them, os energy 15 8 quantity which is conserved (unchanging), as stated by
the first law of thermodynamics. Masscenergy equivalence, which arogse from special relativity, savs that
changes in the erergy of svsiems will alzo coingide with changes (ofien small m praciice) in ihe
syslem's mass, and the mass of @ system 18 a measure of 1is energy content. Energy i many of its forms may
be used in natural processes, of 1o provide some service o society such as heating, refrigeration, light, of
performing mechanical work o operate machines. For example, an internal combustion enging converts the
potentzl chemical energy in gasoline and oxygen into thermal energy which, by causing pressure and
pecformmg work on the proms. & ransformed mo the mechamical energy that accelerates the vehicle
{mereasmg s kinefic energy). A solar cell converts the radiant energy of sunlight mie cnergy that can then
e imed to light o bulb or power & computer.
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CHAPTER- 2.0
STEAM POWER PLANT

Iniroduction

Much of the electricity wsed worldwide 5 produced in steam power plants. Despite
efforts to develop alternative energy converters, electricity from steam will continue, for many
years, to provide the power that encrgizes the United States ond world economies. Therefore
the study of energy conversion systems with this important element of industrial society 18 of
much mmportance. Steam cveles used in electrical power plants and in the production of shaft
power in industry ore based on the familior Rankme cycle, studied briefly i most courses n

thernmdynﬂmlcs- In this chapter we review the basic Rankine cycle and examine modifications
of the cyele that make modern power plants efficient and relinble

A Simple Rankine-Cyvele Power Plant

The most promment physical feature of 2 modern steam power plant (other than s
smokestack) is the steam generator, or botler. There the combustion, in air, of a fossil fuel such
as oul, matural gas, or coal produces hot combustion gases that transfer heat to water passing
through tubes in the steam generator. The heat transter 1o the incoming water (feedwater) tirst
mcreases s temperature untll & becomes a saturated liquid, then evaporates it w torm
saturated vapor, and usually then further raises its temperature to create superheated steam.
Steam power plants operate on sophisticated varianis of the Rankine cycle. These are
considered later. First, let us examine the simple Rankine cvele from which the cycles of large
steam power plants are derived. In the simple Rankine cvcle, steam tlows to a turbine, where
part of its energy 15 converted to mechanical energy that s transmitted by rotating shaft to
drive an electrical generator. The reduced-energy stcam flowing out of the turbine condenses to
liguid water in the condenser. A feedwater pump returns the condensed liguid (condensate) to
the steam generator. The heat rejected from the steam entenng the condenser 15 transferred to a
separate conling water loop that in turn delivers the rejected energyv to a neighbourme lake or
river or 1o the atmosphere,

L 121 Rankine cycle
Principle

This experiment s desigred to acquire experience on the operatson ofa functional steam
turbine power plant. A comparison of a real world operating characteristics to that of the weal
Rankme power cycle will be made.

Objective
The objective of this lab s to acquire experience on the basic Rankine cyele and to understand
the factors and parameters affectmg the efficiency and cost of generating energy. In this lab,
we will determine:;

a) Mass Flow Rate ofa Rankine Cvcle,

b} Thermodynamics properties (entropies, enthalpies, quality, eic). Draw a

schematic of the cyvcle ina T-5 diagram,
¢) Work and heat transfer in the different stages of the cycle.
d) Thermal efficiency of the cvele.
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e) Mass flow rate i the turbine.

N Buoiler efficiency
g) Air-Fuel ratio and air excess.
h) Costofgenerating steam and energy

Background

The Rankine cvcle is the most common of all power gemeration cvcles and is
diagrammatically depicted via Figures | and 2. The Rankme cvecle was devised to make use of
the characteristics of water as the working fluid The cvele begins in a boiler (State 4 in figure
1). where the water 15 heated until & reaches saturation- i a constant-pressure process. Once
saturation is reached, further heat transfer takes place at a constant temperature, until the
working fluwd reaches a quality of 100% (5tate 1) Al this point, the high-quality vapor is
expanded isoentropically through an axially bladed turbing stage to produce shaft work. The
steam then exits the turbine at State 2

The working fluid, at State 2. = 4t a low-pressure, but has a fawrly high quality. so ot 15 routed
through & condenser, where the steam is condensed into Liquid (State 3) Finally, the cycle is
completed via the return of the hguid to the boler, which s normally accomplished by a
mechanical pump. Figure 2 shows a schematic of a power plant under a Rankine cyvele,

i T

/ 1

(Fl] Ty

Figure 1: Diagrams for a simple ideal Rankine cycle:
a) P-V diagram, b) T-S diagram

Figure 2: Schematic of a simple ideal Rankine cycle
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Rankine cyvcle anabyvsis

&)

This experiment has an important difference with the cyele shown in Figure 2. The difference
15 that there is not a pump to complete the cvele. This is not exactly a cycle. Instead, it is an
open system. The water crossing the condenser is stored in a tank as show in Figure 3, but the
principle of Rankime cyvele studied in Thermodynamic s still valid.

The boiler will be filled with water before the experiment and the experiment will be ended
when the water 18 reaches the minimum level of correct operation, given by the manufaciurer.

Another important difference is that between the boiler and turbine there is a valve that
generates a throtiling effect. The throtthng process s analvzed as an isenthalpic process. This
phenomenon will be analvzed more n detail Also, the boiler generates a superheated vapor.
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Figure 3: Schematic of Rankine cvele steam turbine apparaius
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I. Mass Flow Rate of the Rankine Cyele.
Evaluating the time of operation and volume of consumed water, the mass flow rate can be

measured as

) _ A i
Basnr = Dur P =~ Prae

Here, #ime 15 measured with a chronometer for a known volume of water ¥ in the boiler

L1.1. Work and Heat Transfer

For this analysis, it is assumed that the process s ideal and there are not pressure losses
occurring in the piping, but as has been said previously the boder penerates superheated vapor
and there is a throtthing process in the valve. Figure 4 shows the modified cycle of the plant.

The evaporator, n this case a fire-tube boiler, produces a superheated vapor (Stagel’ ), Taking
a control volume enclosing the boiler tubes and drums, the energy rate balance gives:

ntgll:l;t:rjg kinetic and pDT'I:I'.I'[IH| encrgy. the energy equation reduce o

Oy =iy, (b — 1,

Then, vapors pass through the valve, states]1"-1". For a control volume enclosing the valve, the
Mass amd energy rate balance reduces under steady state to:

0=0, +tit g, [~y ]
Since there is not work done in the valve and heat transfer (3, can be neglected, last equation
reduces to:

¢ = Iy !
which means that there s an isenthalpic expansion i the valve,
Making & similar analysis for the pump and condenser, the work and heat transfer are:

O, =it —h)| ana W, =i, (b, —h)

The energy balance for a control volume aruund the turbme under steady state condition is.

0=0,, - W, +i,, [h ~h.]

Neglecting heat transfer (2 to the surrounding, the process in the turbine i1s assumed adiabatic

and reversible, so sentropic (5,. = 5. ) and the energy equation reduces to:

W, = it (e — b )|
Then, knowing that 5. =5, and also 5, , and 5, which could be estmated with the pressure
and temperature at ﬂlJl|EI nfthe turbine, thf quall.ti.' of the vapor can be calculated as:

heg =
I
with x, , the |:n|.'|'|.an:|} f, 15 calculated as:

b=y =3y, =)

where .ﬁ'l.!amj h:]un: calculated with the outlet temperature. It s important to emphasize that

the valve generates entropy from state 1’ 1o the state1” . Without the expansion valve the cycle
would be close to an sentropic expansion I'—2" in the turbine. All parameters A, &, 5.
Sp. 5, h, and §, can be determined from temperatures and pressures at each stage
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L1L21. Thermal Efficiency of Cycle Mgt

The net work of the cycle is defined by the difference between the turbine wo

transfer from the: huller

IL Air -Fuel ratio and Air Excess.
The chemical composition of the gases outlet of boiler is:

50,

B, €. D F, G and M) are the molar moss necessary to balance the
equation. Thl:nﬂ'-l: u:r _exacas h

the Mﬂ,l{fdem'} is the molar mass of air when the chemical reaction is complete, and there 1s
not ﬂ:lﬂ':ﬂlmn ufwmar ﬂ.l:l.‘l lrlETI'I'JEdIEI-E compounds:

wase =3, Which is:

Balamingﬂuiaeqmtiun: M*[fdmna;/z’, G=2444, A=4 and M
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Where P, and P, are the atomic weight of air and combustible, respectively. The P = 29
kg/Kmoland the P, = 4P 4+ 10P, = 5812 kg/Kmaol

1L Mass Mow rate in the turbine
From the gencrated amperage and voliage:
s, the mass rate i:n turbine

Where #, 15 eﬁ"n:iemyufthﬂ turbine. Here, we will assume this efficiency equal to one.

IV. Boiler analysis

From the cmical tn ummhm _ in term m::l'.

the first Iawfh:s r i Ium: enclosing the boiler is;

are the sum for each reactants and products of combustion Remember

that m, =n M, where m, 5 mass, n 5 number of moles and M, s the molar mass of the i-
th component. BuAtion 18 in the form:

Enthalpy of formation: -
Another form to wenc the first law s

¢ is the enthalpy of reactants and products, respectively, ot the standard temperature and pressure.

The first two terms are the nrmhnﬂim [}nmﬂml lemperature and pressure
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Enthalpy of formation, HHY and LHY: -

The enthalpy of combustion also is called hearing value (HY), and this is mumber indicative to
the usefil energy contemt of different fuels. There are two types of heating value: higher
heating valfue (HHY) and the lower heating value (LHV). The HHV & obtained when all the
water formed by combustion is a liquid The LHY is obtained when all the water formed by the
combustion is a vapor, For that HHY is more than LHV (see Table 1), For calculations, we will
assume that water formed is in the liquid state and the HHY will be used for k), Now, we can
caleulate the efficiency of the boiler as: _

- _ 9

_—
et

V. Cost of Generating Steam and Energy,
The mass flow of fuel is the product between the density and fuel flow mass and the time of

operation:
Mt = 8 D o |
where g B the density of butane gas at astmospheric pressure. Then the cost of generating
steam per umit mass of steam 1s:

where Price . s the price of the fuel Also it is possible to determine the cost of generating

energy by:
ENERGY cost =

M

A steam power plant, also known as thermal power plant, 15 using steam as working fluid
Steam 15 produced i a boiler using coal as fuel and 15 used to drive the prime mover, namely,
the steam turbine. In the steam turbine, heat energy is converted into mechanical energy which
15 used for generating electric power. Generator 15 an ¢lectro-magnetic device which makes the
power available in the form of electnical encrgy.

2.2.1. Lavout of steam power plant;

The lavout of the steam power plant 15 shown m figure below. It consists of four mam circuits
These are:

Coal and ash circuit.

Adr and flue gas crout

Water and steam circuit amd

Cooling water circuit
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Coal from the storage vard 15 transferred to the boiler furnace by means of coal handling
equipment like belt conveyor, bucket elevator, etc . ash resulting from the combustion of coal
in the boiler furnace collects at the back of the boiler and i removed 1o the ash storage yard
through the ash handling equipment.

Ash disposal

The indian coal contains 30% to 40% ash. A power plant of 100MW 20 to 25 tonnes of hot ash
per hour Hence sufficient space near the power plant is essential to dispose such large
quantities of ash

Air and fue gas circuit:

A1 15 taken from the atmosphere to the air preheater. Air s heated m the arr preheater by the
heat of flue gas which 1s passing to the chimney The hot air 15 supplied to the furmace of the
boiler,

The flue gases after combustion in the furnace. pass around the boiler tubes. The flue gases

then passes through a dust collector, economizer and pre-heater before being exhausted to the
atmosphere through the chimney. By this method the heat of the flue gases which would have
been wasted otherwise 15 used effectively. Thus the overall etficiency of the plant 15 improved

Air pollufion:

The pollution of the surrounding atmosphere 5 caused by the emission of objectable gases and
dust through the chimney The air pollution and smoke canse nuisance to peaple surrounding
the planet
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Feed water and steam circuit:

The steam generated in the boiler passes through super heater and is supplied to the steam
turbine. Work is done by the expansion of steam in the turhine and the pressure of steam is
reduced. The expanded steam then passes to the condenser, where it is condensed.

The condensate leaving the condenser 15 first heated ina Lp, water heater by using the sieam
taken from the low pressure extraction point of the turbine. Again steam taken from the high
pressure extraction point of the turbine is used for heating the feed water in the H. P water
heater. The hot feed water is passing through the economizer. where it 15 further heated by
means of flue gases The feed water which is sufficiently heated by the feed water heaters and
economezer is then fed mio the bodler.

Abundant quantity of water 18 required for condensing the steam m the condenser. Water
girculating through the condenser may be taken from various sources such as river or lake,
provided adequate water supply 5 available from the river or lake throughout the vear.

If adequate quantity of water s not available at the plant site, the hot water from the condenser
15 cooled in the cooling tower or cooling ponds and crculated again.

Advantages of thermal power plants

Initial cost is bow companed with hydro-plant.

The power plant can be located near load center, so the transmission losses are considerably
reduced.

The generation of power i not dependent on the nature s mercy like hydro plant

The construction and commissoning of thermal plant requires less penod of time than a hydro
plant

2.1.2.1. Economizer:

An economiser is a mechanical device which is used as a heat exchanger by preheating a fluid
to reduce energy consumption: Ina steam boiler, il is a heat ex-changer device that heats up
Nuids or recovers residual heat from the combustion product 1e. flue gases in thermal power
plant before being released through the chimney, Flue gases are the combustion exhaust gases
produced at power plants consist of mostly nitrogen, carbon dioxide, water vapor, soot carbon
monoxide etc. Hence, the economizer in thermal power plants, 1s used o economise the
process of electrical power gencration, as the name of the device 15 suggestive of. The
recovered heat is in turm used to preheat the boidler feed water, that will eventually be converted
to super-heated steam. Thus, saving on fuel consumption and economizing the process to a
large extent, as we are essentially gathering the waste heat and applving it to, where it
required Nowadays however, in addition to that, the heat available m the exhaust flug gases
can be economcally recovered using ar pre-heater which are essential in all pulverized coal
fired boder
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1.2.2.1. Working FPrinciple of Economizer

!

(e
SiNag
1
(&
Feineg
4

As shown in the figure above, the Aue gases coming out of the steam boiller furnace carry a lot
of heat Function of economiser in thermal power plant 1s to recover some of the heat from the
heat carried away in the flue gases up the chimney and utilize for heating the feed water 1o the
boder. It 15 simply a heat ex-changer with hot flue gas on shell side and water on tube side with
extended heating surface like Fins or Gills. Economisers in thermal power plant must be
sized for the volume and temperature of flue gas. the maximum pressure drop passed the stack,
what kind of fuel s used m the boiler and how much energy needs to be recovered,

When the water i3 boiled in steam boiler, the steam is produced which i3 then super-heated
after which 1t 15 passed to the turbines. Then the exhausted steam from turbine blades, 1= passed
through steam condenser of turbine in which the steam is condensed and this condensed water
then is pre warmed first in feed water heater then in 1t before re-feeding i boder,

It s placed in the passage of flue gases in between the exit from the boiler and the entry 1o the
chimney In this a large number of small diameter thin walled tubes are placed between two
headers. The flue gases flow outside the tubes wsually in counter Row.

2.2.2.2. Process of Heat Transfer in Economizer, Evaporator and Superheater

Heat transfer to water in steam generator takes place in 3 different regimes, as shown in the
figure below, Water 15 at first pre-heated sensibly in the economizer in higuid phase &t a certain
pressure from state 4 to state 5 (refer to the disgram below) till # becomes a saturated liguid.
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It 15 then scnd to the evaporator, where this saturated higquid 1s boiled a |
phase from 5 106 by .Jh.mrhmg. the latent heat of vaporization, at that particular |'|l'-.*.hmr|: Now
this saturated vapor in state 6 is further heated in the super-heater, to bring it to state 1, 1e. in

aseous or vapor form For unit mass of fluid, the heat transfer equation in the 3 tvpes of heat
ex-changers are given by,

Qlimwmmrr o hi - hy

Qtvaporaor = hs = hs

D'Huptl'htﬂl.l.‘r = hl =i hf-'-

Out, of these 3 majpor heat ex-changer components, only the economizer operates with, zero
fuel consumption, and thus it is one of the most vital and economical equipment in a thermal
power plant

2.1.3.4. Beheat Cvele

In simple rankine n:u:le aﬂer the sentropic expansion in turbine _ steam 15 dﬁeclI} rEd ntao
aystem, two turbines {high presayng turbing a;ﬂ_hu_t;_ﬁ;essme l.u:l:nmejn are emploved for
improving efhiciency. Steam, after expansion from high pressure turbine, is sent again to boiler
and heated t1ll it reaches superheaied condition. [t 15 then left to expand in low pressure turbine
to attain condenser pressure.

As has been already mentioned in Secs. | 1.1 and 11 2, of very wet steam flows through a
turbine, the hydrodynamic conditions for the turbine blades and nozzles deterworate sharply,

causing a reduction of the internal relative efficiency of the turbine, ™ this m turn leads to a
reduction of the effective (thermal) efficiency of the power plant as a whole, For modern
turbines the admssible drvness fraction of exhaust steam {at the turbineg exit) should be not less
than x = (.86 to (.88

As has already been mentioned, one of the ways to reduce the wetness of exhaust steam
at the turbine exit 15 to superheat the steam in the botler. Superheating leads to an merease m
the thermal efficiency of the ¢yele realized, and at the same time, on the f-r chagram it shafts
the pomt corresponding to the conditions of exhaust steam to the nght, mto the region of
greater drvness fractions, as illustrated m Fig. 11.20a

We have also found that with the same superheat temperature the use of high pressures
mereases the cyvele areas ratio and. consequently, the thermal efficiency of the cycle, but
simultaneously a higher pressure diminishes the dryness fraction of the exhaust steam and the
intermal relative efficiency of the turbing

AT \r p T
- 1
- - -
i=) (&) (e}
Fig. 11,20
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One solution could be to further increase the superheat temperatule, ]
Fig. 11.206). However, as was already mentioned, further temperature increases are restricted
by the properties of construction materials. The economic advantage of this undertaking should
also take into consideration increased investments involved in building such a plant

Oine way to reduce the final wetness of exhaust steam 15 1o reheat the steam. After the
flow of steam, performing work in the turbine, expands to some pressure p* = pa, it is
extracted from the turbine and directed to flow into an additional superheater, or reheater,
mstalled, for mstance, i the boiler flue. In this reheater, steam temperature rises to *, and
then the steam flows back into the turbing, in which it expands to the pressure p;. As can be
seen from the T-s diagram, shown in Fig. 11.20c, the final wetness of steam diminishes

The diagram of a power plant with steam reheating s shown in Fig. 11.21, in which the
reheat superheater, or reheater, 15 designated by RS, When reheating the steam, the turbine is a
two-cylinder unit, comprising a high-pressure turbine and a low-pressure turbine-arranged on a
common shaft along with a generator,

Figure 11.22 shows on & 7-5 diagram an internally reversible reheat owvele of the steam
power plant, practising superheating. It is clear that this cycle can be visualized as consisting of
two individual ¢yeles, the conventional Rankme cvele (mam) $-4-6-/-2-3-5 and an additional
eyele 2-7-8-9-2 {the line 7-8 is an sobar p* = const). It can be assumed that the work done
along the section 7-2 of the expansion adiabatxk in the main cvele is spent to ensure adiabatic
compression of the workmg medium on the section 2-7 of the additional cvele

2.1.4. Regemerative cvele

Regenerative cooling & a method of cooling gases in which compressed gas is cooled
by allowing i to expand and thereby take heat from the surroundings The cooled expanded
gas then passes through o beat exchanger where it cools the ncoming compressed gas,

A regenerative heat exchanger, or more¢ commonly a regenerator, = a type of heat
exchanger where heat from the hot fluid s intermittently stored in a thermal storage medium
before it s transferred to the cold flmd. To accomplish this hot flud = brought into contact
with the heat storage medium, then the fluid 15 displaced with the cold fluid, which absorbs the
heat.

In regenerative heat exchangers, the fluid on either side of the heat exchanger can be the same
flurd. The fluid may go through an external processing step, and then it 5 flowed back through
the heat exchanger in the opposite direction for further processing. Usually the application will
use this process ovchically or repetitively

Regenerative heatmg was one of the most important technologies developed during
the Industrial Revolution when 1t was used m the hot blast process on blast furnaces. It was
later used in glass and steel making, to increase the efficiency of open hearth furnaces, and in
high pressure boilers and chemical and other applications, where it continues to be important
today.

Another tvpe of regencrator 5 called a micro scale regemerative heat exchanger [t
has a multilaver grating structure i which each layer is offset from the adjacent layer by halfa
cell which has an opening along both axcs perpendicular to the flow axis. Each laver 15 a
composite structure of two sub-lavers, one of a high thermal conductivity material and another
of a low thermal conductivity material, When a hot flusd flows through the cell, heat from the
fluid 15 transferred to the cell wells, and stored there. When the fluid flow reverses direction,
heat is transferred from the cell walls back to the fluid.

A third tvpe of regenerator 15 called & "Rothemnhle" regenerator. This type has a fived
matrix in a disk shape, and streams of fluid are ducted through rotating hoods.
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The Rorhemuhfe regencrator s used as an air prebeater in some power g
thermal design of this regenerator is the same as of other types of regenerator

P

[ T

2.1, Steam-generating unit

The wide diversity of parts, appurienances, and functions needed 1o n:]l:ﬂsc and wtilze a source
ofheat for the practical production of steam at pressures o 5000 Ibvin.* (34 megapascals) andie
mperatures to 1100°F (600°C), ofien referred to as a steam boiler for brevity. See Steam

The essential steps of the steam-
generating process include (1) a furnace for the combustyon of fuel.or @ nuclear reactor for the

release of heat by fission, or a waste heat sysiem; (2) a pressure vesselm which feedwater 15 rai

sed 1o the boiling temperature, evaporated into steam. and generallysuperheated bevond the sat

uration temperature; and (3 ) in many modern central station units, archeat section or sections fo
r resuperheating steam afier it has been partially expanded in 2 turbine. This aggregation of func
tions requires a wide assotment of components, which may be variouslvemployed in the imere
sts. pimarily, of capacity and efficiency in the steam-

production process: Theselection, design, operation, and mamtenance of these components con

stilute @ complex process See Boiler, Reheating

A boiler or steam generator 15 a device used to creale steam by applving heat energy to waler,
Although the definitions are somewhat flexible, it can be said that older steam generators were
commonly termed boilers and worked at low 10 medium pressure (1-300 psior 6,895
2068427 kPa) but, at pressures above this, it is more usual to speak of a sieam generator.

A boier or steam generafor 5 wsed wherever a source of steam 15 required. The torm and size
depends on the application. mobile steam  engines such  as stcam  locomotives, portable
engines and steam-powered road vehicles typically use a smaller boiler that forms an integral
part of the vehicle; stationary steam engines, industrial installations and power stations wall
usually have a larger separate steam generating facility connected to the point-of-use by piping.
A notable exception is the sieam-powered fireless locomotive, where separately-generated
steam 15

(as Turbine Working Principle
Cias turbine engines derive thew power from burmung fuel in a combustion chamber and using

the fast flowing combustion gases to dove a turbine in much the same way as the high pressure
steam drives a steam turbine.

CLBABSSTION CHAMBER

AR INTREE FROPELLING HQIZLE

126

Scanned by CamScanner



One major difference however 15 that the gas turbine has a second -
air compressor mounted on the same shafi. The air turbine (compressor) draws ino air.
compresses it and feeds it ar high pressure imto the combustion chamber increasing the
intensity of the burning flame.

It 15 & posiive feedback mechanism As the gas turhine speeds up, i also causes the
compressor o speed up forcing more air through the combustion chamber which in turn
increases the burn rate of the fuel sending more high pressure hot gases into the gas turbine
mereasing its speed even more. Uncontrolled rumaway 15 prevented by controls on the fucl
supply line which limit the amount of fuel fed to the turbune thus limiting its speed.

The thermodvnamic process used by the gas turbing 15 known as the Brayton cvele,
Analogous to the Camot cycle in which the efficiency 15 maximised by increasing the
temperature ditference of the working flusd between the mput and output of the machine, the
Brayton cycle efficiency 15 maximised by increasing the pressure difference across the
maching The gas turbing 15 comprised of three mam components: a compressor, 8 combustor,
and a turbine. The working flusd, air. is compressed in the compressor {adiabat compression -
no heat gain or loss), then mixed with fuel and burned by the combustor under constant
pressure conditions m the combustion chamber {constant pressure heat addiiion). The resulting
hot gas expands through the turbine to perform work (adiabatic expansion). Much of the power
produced m the turbine 15 used to run the compressor and the rest s available to run auxiliary
equipment and do useful work. The system 5 an open system because the air 15 not reused so
that the fourth step m the cvele. cooling the working fluid, s omitted.

2.3, Steam Prime mover
The component of a power plant that transforms energy from the thermal or the pressure form
to themechanical form Mechanical energy mayv be in the form of a rotating or a reciprocatmg
shaft, or ajet for thrust or propulsion. The prime mover is frequently called an engine or turbine
and isrepresented by such machines as waterwheets, hyvdraulic turbines, steam engines, steam
turbines, windmills. gas turbines. internal combustion engines. and jet engines, These prime
movers operaieby either of two principles&colon; (1 ) balanced expansion, positive
displacement, intermittent flow ofa working fluid into and out ofa piston and cvlinder
mechanism so that by
pressure difference onthe opposite sides of the piston, or its equivalent, there is relative motion
of the machine parts: or (2)free contmuous flow through a nozzle where flusd acceleration in a
jet {and vane) mechanism givesrelative motion to the machine parts by impulse, reacton, or
bath,

Turbine A machine that transforms energy from/to thermal, electrnical or pressure tofrom
mechanical form. typically an engine or turbine

Prime mover {locomotive), a component of a locomotive

Steam prime movers are either reciprocating engines or turbines, the former bemg the older,
dominant type until 1900, Reciprocating engines offer bow speed (100 to 400 r'min),. high
efficiency in small sizes (less than 300 hp) and high startng torque. In the Industrial
Revolution. they powered mills and steam locomotives. Steam turbines are a product of the
twentieth century and have established a wide usefulness as prime movers. They completely
dominate the field of power gencration and are a magor prime mover for variuble- -specd
apphcations i ship propulsion (through gears), centrifugal pumps, compressors, and blowers.
Steam turbines are made in a variety of sizes
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2.4. Steam condensing unit

The surface condenser often used on a steam turbine, the condensing apparatus on a steam
locomotive does not normally increase the power output rather it decreases In fact it may
reduce it considerably, Whilst more power 5 potentmlly available by ¢xpanding down to a
vacuum, the corresponding low density { high specific volume) implics extremely bulky low
pressure cvlinders or a turbine would be needed o actually extract it. 5o with a more practical
volume ratio the condenser pressure would be near atmospheric rather than at a more tvpical
low pressure. and the temperature would be correspondingly higher. In exhausting hol stéam to
the condenser, the temperature gradient between the exhaust steam and the cooling water 15
preater, so that a smialler heat exchange surface area 15 needed than would be required for
typical stationary or ship-based steam plant of similar power. However none of the energy in
the hot sleam is available to do mechanical work. Because of the refatively high temperature in
a locomotive condenser, the potential improvement inthermal efficiency expected from
mcluding the condenser in the cyvele 15 not usuallv realised within the space constramnts of a
typical locomotive, Indeed, losses due to viscous friction in the condenser piping are likely to
reduce the power output

2.5. Coal handling system

A coal preparation plant {CPP) s a facility that washes coal of soil and rock, crushes it nto
graded sized chunks (sorting). stockpiles grades preparing it for transport to market, and more
often than not, also loads coal into rail cars, barges, or ships. A CPP may also be called a coal
handling and preparation plant (CHPP). coal handling plant, prep plant, tipple or wash
plami

I'he more of this waste matersal that can be removed from coal, the lower its total ash content,
the greater s market value and the lower its transportabion costs achicvable from simply
venting o atmosphere

The coal delivered from the mine that reports to the coal preparation plant s called run-of:
mine, or ROM, coal This s the raw material for the CPP, and consists of coal, rocks,
middlings, minerals and contamination. Contamination 8 usually introduced by the mining
process and may inelude machine parts, used consumables and partz of ground engaging 1ools,
ROM coal can have a large varmbility of mosture and maximum particle size.

Coal needs to be stored at various stages of the preparation process, and conveved around the
CFPP facilities. Coal handling s part of the larger ficld of bulk materil handling, and 15 a
complex and vital part of the CPP.
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2.1.3.5. Advantages and Disadvantages of Reheating
Advantages of Reheating

(a) boosts up turbine efficiency

(b) eliminates an erosion-corrosion problem of turbine blades

(c) enhances the turbine output

(d) improves the steam quality

{€) increases the nozzle and blade efficiencies (f) all are correct
Disadvantages of Reheating

(a)is a cost intensive programme

{b) gain in thermal efficiency due to rehealing may not justify a high initial cost

(c) reguires more maintenance

{d) invites control complicacy

(e} does not beget a progressive gainin thermal efficiency in spite of addition of a
number of rehealing schemes
Simple problem on steam power plant.

Problem - 1 : Asteam power plant operates in the basic Rankine- eycle. It receives
4 MPa steam from the boiler faring coal to liberate heat at a steady rate of 100 MW. The
steam after expansion in the turbine is exhausted to a condenser that operates at 75
kPa. The adiabatic efficiency of turbine is 85%.

Caleulate

(a) cycle efficiency

(b) power output (MW) of the plant

{£) mass flow rate of the working fluid

(d) specific steam consumption

Sol: This cycleis the same as the one described except process 3— 4. Though
this process, in the present example is adiabatic. it is imeversible and hence represented
by a dash line in the T-s diagram.

Temperaturs, T

=

Spectfic entropy, 5
Actual Raninelike cycle.
Note : The vertical line 3-4' corresponds 1o isentropic expansion when the turbine is
reversible.
[29]
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r.ﬁ
Now, Wy, = Wi g X Naragen

=911kJ kg™ x 0.85
=774.35 kJ kg’

Nar.sog TEPresents the ideal steal turbine efficiency in which sleam expands

isentropically (as=0)

1 —» 2 Isentroplc (adiabalic) compression
Wy =y B =—ak m-1 =V (R -F)
2 — 3 Cons tan | velume heating
Ay 5~y ~h, 2628 kikg"
d — 4 Adiabalic exapansion
Wy, =7T4.35 kikg
w

Wy Wy, = 77435 < (-4 kg ) |=77035K0 kg

=1
o s e P =2628kJ kg

{a) The actual cycle efficency

o= S [??I:L:ﬁ kiky  [2628kJ l:g_1].‘.lt 100% =29.31%
9y
Mote: The efficieancy ratio
E = Nynu  Mitea
=78.31% 34.51%
= (.5493

(b} The mechanical power cutput
W= aq___ =(100 MW) (29.31%) = 29.31 MW

Where Q1 = heat released in the boller furnace
Mote : The aclual power output is less than the ideal power output (34 .51 MW)

[30]
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{€) The mass flow rate of the working fluid

M, = L
P
- (100 x1000)kd 5'1’7351]1]5
2628 kJ kg" L 1h
=136 086 kg h!

The mass flow rate of the working fluid remains the same as the g, , and the heat
input rate remain the same in both the ideal and actual cycle.

(d) The specific stearm consumplion

m:
B
_m,, (kgh™)| :nmu-s]
WEkW) | 1n
_ 3600 kg Wh™

w
=3600/770.4 (kg Wh™') =4 6728kg k Wh"

This value is nearly 18% higher than for the ideal case. This implies that the aciual
power plant must be larger in size to accommodate a higher flow rate of steam to get the
same work output,

Rankine Cycle with Superheated Steam

Problem - 2 : Asteam power plant operates inthe basic me cycle wath superheated
steam. The boiler sends 35 kg &' steam (70 bar/550°C) with a velocity of 30me"'. The
exhaust steam (0.2 bar, wet) is discharged to the condenser at a velocity of 90 ms™
Determine the

(&) thermal efficiency ofthe cycle 70 b SSEC0 ma 38 kg 5!

(b} net power produced

50l :

[31]
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State1 (T0bar /55"0c/30ms "/ 35kgs'):
h, = 3531 kJ kg™’
S, =6.0486 k kg ' k™’
State 2 (0.2bar):
5,=5
(isentropic expansion of steam in the turbine)
Also,
S, =8, =8, + X5,
=0.8319 ki kg™ k™' + X_(7.0766 kJkg ' k')
X, =0.86435
hy =hy + I:ahigz
=251.38kJ I':g" + 0.86435 (Z358.3 kJ I-tg":
=2288.790 kJ kg™
State 3 (0.2bar):
h, = h, = 251.38kJ kg™’
(as the working fluid is a saturated liquid)
v, = 0.001071m* kg™
Turbine work,
(This can beobtained by applying the SFEE)

h,fﬁ vi+Z,+q= rwﬁ Vi4Z,+ W, (q=0andZ, = Z,)

W =(hy=hy)+ 15 (v - v3)

=(3531-2289.79)kJ kg ' + % (30°-90°)m*s* x[10 " kJ kg " /(m*57) ]

=1237.61kJ kg™
Pump work,
W =h—hy
={P —F'? ]“"a
=(70-0.2)bar x 102 kPa bar™
(0.0010741m’ kg™)
=7 47558 kJ kg™

[32]
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Net work,
W = Wewm— I""‘qurrl:\l
=({1237.61 - 7.47568) k) kg™

=1230.13442kJ kg™

State 4(70 bar) :

by =hy i, A0
=258 86658 kJ kg™’

Heat supplied,

Q, =h, +h,
=(3531-258,85558)kJ kg™’
=3272 14442 kJ kg™

Power produced,

=miw,, )

=35 kgs ™ (1230.13442kJ kg ™)

=43054.7047 kJ s~

=43 054 MW

Thermal efficiency,

Wi

q,

1230.13442kJ kg™’
" 3272.14442kJ kg
=0.37504 ie., 37 .50%

Wit

rl [hesrini =

Effect of Reheating on Turbine Efficiency
Problem - 3 : Steam (30 bar/400°C) is allowed to expand isentropically in a steam

furbine to a pressure of 0.08 bar. Determine the
{a) dryness fraction at the end of the cycle
(b) thermal efficiency of the cycle

MNow, if the same feed steam is allowed to expand isentropically upto a pressure
lirnit of 3 bar and then reheated to 380°C and then allowed to expand again, in the

furbine to the final pressure of 0.08 bar, determine the
{a) dryness fraction of the steam at the md gf expansion
(b) thermal efficiency of the cycle

Sol: Refer o two h-s diagrams—one without reheating and the other with reheating

[33]
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Without reheating

State 1 (30 bar/400°C);
h.=3231 kd kg™,
§,=6.921 klkg' K"
State 2 (0 O8Bbar) :
5, =5,
(isentropic expansion of steam in the furbine) — o B T i
Also, 5= 5? = 59 + ].;? 5@ .08 bar fwéthout sy rehealing).
=0.5932kJ kg K" +x, (76369 k) kg K)
x, =0.82858
h,=h, +x h,
=174 kJ kg™ + 0.82858 (2403 kJ kg™)
=2165.0832 kJ kg~
Isnropk sparein of 00 B 000" T Sisen fo
3 bar fwel, asbrsied] vissm whEh BoOfen
rereaied o 907G | nupe e weam) balore
T e M
Turbine work,
W, = h, =h, =(3231-2165.0832) kJ kg™’
=1065.9168kJ kg’
Heat sup plied,
1:l|I| - h'l x hli

=({3231-174)kJ kg ' = 3057k kg™
Themal efficiency,

w,, 10659168k kg™
Ta,  305Tklkg'
=(. 348680, le., 34 868%

Tliterm

[34]

Scanned by CamScanner



P
s

With reheating

State 1 (30 bar/400°C):
h=3231 kd kg";
$=6921kdkg' K"
State 2 (3bar)
5, =§, (isentropic expansion of steam in the turbine)
Als0, 5, =5, = 8, + X, 5,
=1672kJ kg’ K" +x, (5320 kJ kg™ K7)
x, = [0.9866
hﬂ = th * “2 hﬁ;i‘.
= 565.5 kJ kg' +0.9866 (2164 kJkg)
= 26966195 k) kg~
State 1 (3 bar/390°C):
5= Bkl kg'K';
h,= 3254 43 kJ kg
State 4 (0 O8bar):
s, = 5, (isentropic expansion of steam in the turbine)
Also, s, =8, =8, + X, 5,
=05932kJ kg K" +x, (76369kJ kg' K")

¥, =0.968869
h,=h, +x b,
= 68402 klkg' +0.969869 (2108.5kJ kg")
=2685.1708 kJ kg
Turbinework,

Wm = {h.l —i'lk} +{|‘|. —I'IE_]-
=(3231-2696.61954) kJ kg™ + (3254 43 — 2685.1708) kJ kg™’
~1103.6396 kl kg™

Heat supplied
g, =(h-hy )+ (hy-hy)

=(3231-640.2)kJ kg ' + (3254 43 - 2606 61954}k kg™’

= 314861046 kJ kg™’
Thermal efficiency,

W, 1103.6396kJkg’
g, 314861046 k) kg™
-0.350516, Le., 35.051%

rlhllﬂ =
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Effect of Regenerative Feed Heating on Turbine Efficiency

Problem - 4 : Steam (30 bar/300°C)is allowed to expand isentropically in a multi-
slage steam turbine to a pressure of 0.06 bar /30° C The turbine is fitted with two
stages of regenerative feed heating. The first tapping is taken at 2 bar.

Determine the
(a) Pressure for the second tapping
(b) quantities of steam extracted from each point
(¢) gain in efficiency due to increase in regenerative feed heating
(d) Increase in steam consumplion rate
Turbine efficiency at each stage=75%
Saol:

T 1 kg/30 bag/300C

2 bar®, im, kg

] ' -ﬂ'l'll.-l'r=}k|:
The schamstic disgram of § mult-atage turbine provided with hwo stages of rgenerative feed heating.

Schamanks 7=y dagram of & il cage beliem Eespratc b g if i vl Mage Wit
prpaded W v Shigas of reqERTAY foed previded b e tHag. o TgERe el
g hasdy.
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Steam is exiracted af two points marked by Point 2 (2 bar/Zym, kg) and Paint 3
(m, kg/P.). These two streams are subjected to regenerative heating of the condensate
and are then sent to the boiler to boost up the cycle efficiency. The coresponding T-s
and h-s diagrams are depicted,

Analysis
1. Expansion of steam in the steam turbine is not isentropic, since the expansion
is only 70% efficient.

2. Actual enthalpy drop is to be evaluated by introducing the efficiency factor to
the isentropic enthalpy drop.

3. Since regeneration has been introduced, thermal efficiencies with and without
regeneration must be evaluated to determine the percentage gainin thermal efficiency.

4. Steam consumption with and without feed heating inthe FWWH is equally important
a parameter that, must be evaluated to project how much extra steam is consumed per
extra kWh of energy generation as a consequence of the regenerative heating.

5. Here pump work is ignored in all cases.
Calculations

State 1 (30 bar/300°C):

h=2993.5kJkg";

s =6539kJ kg K*

Locating the second tapping point

Atpoint 2, the saturationtemperatureist_, = 120.2%
Now,

t:; -1, !:.: 3 1-:#

“- 1l:I o }é{il] _Il.i:""t:d
= 12(120.2-30) C+ 30°C=75.1'C

The saturation pressure corresponding to 75.1'cis 0.387 bar. Hence the second
tapping point (Point 3) comesponds to 0.387 bar/75.1°C.

State 2 (2bar)
s, = s, (forisentropic expansion of steam in the turbine)
Also, s, =85, = 5, + X, 5,
=1.53kJ kg K +x, (5.597 kJ kg K')
x, =0.5949
hﬂ o hl’? b “2‘ hl’nE
=504.7 kJ kg'' +0.89485 (2202 kJ kg™
= 2475366 kJ kg
State 2' (2 bar) -
Since the turbine efficiency is 70%, the actual heat drop in the first stage h.-h.’
=70% (h,-h.)
2093 5kJ kg™’

[37]
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2.2.2.4, Feadwater Heating.

In most power plants the main condensate returns to the steam generator as
feedwaler. Some make-up may be added to replace losses inthe cycle. In a few plants
the boiler feedwater may be 100 per cent make-up; in this case the plant turbines
exhaust at back pressures above atmospheric to supply steam for other purposes
Feedwater is heated by bleeding steam to heaters as in a regenerative cycle from the
main turbine, or by using exhaust steam from auwxiliary-drive turbines, or by by-product
steam from processes.

Feedwaler heating with steam at a lower pressure than boiler pressure usually
raises over-all plant efficiency. Early plants had a simple open heater which received
steam from back-pressure turbines or engines driving plant auxiliaries and which heated
the main condensateto 212 F at 14.7 psia. Smaller industrial plants still use this scheme.

Modem central stations have as many as ten heaters bleeding steam at successively
lower pressures from the main turbine. The condensate and feedwater flow through
these to be heated in sleps to feedwater temperature.

Feedwater heaters may be classified as: (1) open, direct-contact, or mixing heaters
(simple or deaerating) or (2) closed, noncontact. or surface heaters. Heated feedwaler
enables steam generators to produce more pounds of steam and avoids severe thermal

ElTEEEh"Ig b'!.f cold water errlEn'ng ahot drum, Freheating feedwaler also causes scale-
forming dissolved salts to precipitate outside the boiler and/removes dissolved oxygen
and carbon dioxide, which corrode boiler metal.

2.4.7. State the function and types of cooling tower.

Cooling Towers. More power stations are being built in water-short areas. Lack of
large water flows makes these planis rely on cooling towers to remove heat energy from
the circulating water flowing in a closed circuit.

Ofthe variety of cooling-tower designs available the induced-draft (|-d) tower finds
the widest application in central stations. Sections through a four-cell tower. Air enters

the side louvers to flow around the wood filling and up through the i-d fans at the top of
the tower.

Hot circulating water from the condenser outlet enters the distributing header at
the tower top to flow into the distributing basins forming the roof of the tower. From

these the water flows through many holes to fall on the wood-fill strips below. This
breaks up the water intc small drops and spreads the water in thin films on the fill
surface as it cascades to the collecting basin at the bottomn.

[38]
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As the water falls in drops from strip to strip, it

Coaling -walar Ralative
exXposes a maximum surface to speed evaporation <l EES ol e
and heat transfer. The drops fall through the cross- L 0asF 0%
and counter-air flow thal carries away the vapor
and heat as they are released from the water s T 0F C= "
fn
Eur[aﬂ-E- wi‘ ol A F 28
T I . " CWT TOF (et r2F S0%
he water cools by (1) evaporation and (2)  sesrese TN [OT—
heat transfer to the air. In many towers about 75

per cent of the cooling takes place by evapaoration saq e remainaer oy Neat conaucnon;
the ratio depends on the humidity the entering air and various design factors.

Vapor separating from a non boiling laid always leaves behind a cooler liguid
becausa the vapor is composed of the higher-enargy molecules originally in the liquid

n addition the (cooler air picks up heat by conduction from the warmer water,

Tower cooling performance is always refemred to the wet-bulb temperature of the
incoming air, This is the lowest temperature that the outgeing water can be cooled to.
The finite dimensions of a tower and the limited time in which water and air contact
each other make it impossible to achieve this ideal cooling.

The principal performance factor of a tower is its approach o the wei-bulb
lemperature; this is the difference between the cold-water termperature leaving the tower
and the wet-bulb temperature ofthe entering air. The smaller the approach, the more
efficient the tower. Another important performance factor is the cooling range; this is
the difference between the hot-water temperature entering the tower and the cold-water
temperature leaving. It gives a graphic demonstration of these factors for a given tower.

The scale to the right of the dry-bulb temperatures and relative humidities that
correspond to a wet-bulb temperature of 80 F_ I the humidity is low enough, a tower can
cool water very effectively evenwith a high dry-bulb temperature.

Make-up must be continuously added 1o the tower collecting basin to replace the
water lost by evaporation and spray carryover. As mentioned before. this nearly equals
fhe amount of steam exhausted by the turbine. The circudating-water circuit must be blown
down periodically to remove the accumulated solids concentrated by the evaporation. The
water must be treated to kill algae, preserve the wood fill, and prevent metal corrosion
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CHAPTER -3
NUCLEAR POWER PLANT
3.4. Clasicify Nuclear fuel (fissile & fertile material)

Certain heavy atoms are in a precanous state of internal balance. to the extent that
by inducing a neutron to enter their nuclel they will Sessioninto two smaller nuclei, eject
two or three neutrons, and the fragments emit a gamut of rays: alpha, beta, and gamma.
The energy comes from a minute fraction of the original mass converting according to
Einstein's famous law: E=mc®, where E represents energy, mmass, and ¢ the speed
of light. Most of this energy in fusion appears as internal energy of the fission fragments.
while the kinetic energy of the neutrons and the radiations quickly converts fointernal
energy in the materials that absorb them.

In nuclear fuels the energy comes from disappearance of mass from the nuclei of
ihe atoms. Any atom can be fissioned in an accelerator or similar device for energy
release. Butin a practical fuel we candothis only when it can susiain a chain reaction.
This means that when an atom fissions. the neuirons ejected will be absorbed by other
heavy atoms to fission in turn. VWhen | this condition prevails, a mass of nuclear fuel
can be used as a source of heat energy.

The only natural substance that will function as a nuclear fuel is uranium. In pure
form it is a heavy, hard nickel-white metal—it oxidizes in air and water. Uranium is
widely distributed as an oxide ore in concentrations of less than 0.3 per cent throughout
the richest depaosits lie in the Belgian Congo, northemn Canada, and the Colorado Plateau
in the United States. Natural uranium wherever found consists of:

Uranium 238 ......... 99.3%
Uranium 235 .......... 0.7%
Uranium 234 ._........ Trace

Of these three nature’ isotopes only uranium 235 (U-235) will fission in a chain
reaction. A small portion of the U-238 will also fission when absorbing a neutron. but it
cannot sustain a chainreaction.

3.4. Man-made Fuels.

To sustain a chain reaction in natural uranium, the fast neutrons Met be moderated
(slowed down) to thermal speeds. This is done by letting neutrons collide several hundred
fimes with nuclei of other light atoms, such as hydrogen, helium, beryilium. or carbon.
When athermalized neutron passes close to a U-235 nudeus, the shorl-range attractive
forces have time to pull the neutren into the nucleus and initiate fission. Highly enrched
uranium will sustain a chain reaction without a moderator, i.e., with fast neutrons.

[40]
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Thorium 232, a natural malerial, can also be converted to a fissionable material by
placing it close to U-235, sustaining a chain reaction. By absorbing an excess neutron
Th-232 changes to profactinium 233 (Pa-233) and ultimately to U-233 during a process
with a half-life of about 271/2 days and during which it emits a gamma ray and two beta
particles. Uranium 233 can be fissioned by either fast or thermal neutrons and can
sustain a chain reaction like U-235 and Pu-239. Uranium 238 and thorium 232 are
called fertile materials,

3.5. Explain nuclear reactor.

To control the "burning” of fissionable fuels, they must be placed in a reactor
which largely functions to conirol the release and absorption of neutrons during a chain
reaction. Neutrons released in a chain reaction are disposed of in four different ways:

{1) Escape from the fissionable material;
(2) Monfission capture by U-238 to from Pu-239;

(3) Nonfission capture by control-rod material, moderator nuclei, fission fragments,
and impurities; and
(4) fission capture by U-235, and U-233.

A chain reaction producing a constant rate of heat energy can continue only if the
neutrons released by fission just balance the four types of disposal listed above. If
neutron production rate drops below disposal rate, the chain reaction stops: ifit exceeds
disposal rate, fissioning rate increases and may get out of control. A reaclor is of
critical size when the fission-produced neutrons just balance those disposed of in the
four/ categonies. M For a practical reactor the fissionable fuel in it must be larger than
the critical size

3.5.1.Control Rod.

To regulate fissioning (heal production) in a reactor, control rods of boron or
hafnium, neutron-absorbing matenals, are inserted into the fuel To increase the fissioning
rate of a chain reaction, the control-rod pene~iration is reduced a small fraction of an
inch so that the control rods absorb fewer neutrons, which are then available to fission
more atoms in given time. This allows the fissioning rate to increase_ VWhen the new
fissioning rate has been established, the control rods are again reinserted into the fuel
to absorb the excess neufrons and keep the chain reaction from growing further, and so
maintain the new higher rate. To lower the fissioning rate. the cortrol rods are pushed
deeper into the fuel to absorb more of the newutrons. VWhen fissioning has dropped to the
lower rate, the rods are pulled out to their former position.

[41]
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Fuel Rod.

The reactor core, made up of the fuel rods or assemblies, may contain natural
uranium melal, enriched uranium, plutonium, or U-233. The fuel rods may be diluted
with nonfissionable material to get better reac-tion control or to minimise damage from
fission-product poisoning. The fuel rods may be machined or rolled into a variety of
shapes such as lubes sheets, rods, balls, or powders. They must be clad with a corrosion-
resisting metal, such as aluminum, stainless steel. or zirconium. The fuel may also be
uranium oxide pellets held ina container made of the metals just mentoned for cladding
Fissioning makes the fuel |s hot and produces temperatures of the order of 1100 F.

Moderator

The moderator in a reactor core consists of a material, such as graphite, round
the fuel to slow the fasl neutrons to a thermal speed. Inreactors the moderator may be
mixed with the fuel. The moderator be pure graphite, heavy water, or light (normal)
water. Fast nautrons with an energy level of about 1 million electron volis (1 mev) travel
a few inches al speeds of about 8 700 mps. Moderators reduce this speed to a thermal
level of about 2 mps ina very small fraction of a second.
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3.5.2. Thermal shielding

It must surround the entire reacltor core to absorb some of the radiations (beta
particles, escaping neutrons, and gamma rays) produced by the fissioning. The shield,
usually made of iron, partly absorbs these energy forms and becomes heated. This
prevents the adjacent wall ofthe reactor vessel from becoming locally heated and warped.
The coolant flows over the thermal shield to carry off the generated heat.

Reflector

it usually completely surrounds the reactor core within the thermal shielding. It
bounces back maost of the neutrons that escape from the fuel core. The ouler edges of
the moderator also funclions a reflector. Neutrons colliding with the atoms of the reflector
heat it, so that it also must be cooled, It provides the passage for directing the coolant
flow through and around the reaclor core.,

The reactor vessel, or tank, completely encloses the reactor core with reflector
and thermal shield. The vessel may have towithstand pressures of only a few 100 ibin2
or pressures as high as 3,000 psi. The reactor core sits near the vessel bottom to give
room for maneuvering the fuel-handling gear above the core. Fuel assemblies (rods)
enter and leave the vessel through an access hole at the top. In some water-cooled
reactors these fuel assemblies can be manipulated manually through the access door
by long tongs. About 15 ft of water must be maintained as a shield between the radioactive
fuel and the operators handlingit. There are one or more inlet nozzles at the tank bottom
to admit coolant flow and one or more nozzles at the upper edge to discharge coolant
flow:

3.6. Pressurized-water Reactor.

The arrangement a pressurized-water reactor (PWR) that uses either heavy or
light water as both moderator and coolant. The water completely fills the reactor vessel,
heat-exchanger tubes of the boiler, and connecting pipe- lines. The pressurizing tank
keeps the water at more than 1,200 psig so that it will not boil

Electric heating coils in the pressurizer boil off some of the waler to form steam
that collects in the dome. As marl steam is forced into the dome by boiling, its pressure
rises and so pressurizes the entire coolant circuit. To reduce pressure, cooling coils or
spray water condenses some of the steam.

The pump circulates the coolant Into the bottom of the reactor vessel, up through
the core passages and over the reflector and thermal shield, out through the outlet
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nozzle into the heat-exchanger section Of the boiler, then out to the pump suction to
complete the circuit. The only circulates the coolant (does not pressurize it) by generating
pressure nse just enough to overcome the flow resistance of the circuit.

As the coolant flows upward through the core, it is heated by the fissioning fuel
elements. Some local steam bubbles may form al hotter spots of the fuel elements, but
they quickly condense in giving up their heat to the surrounding water coolant. The hot
coolant gives up its energy by heat transfer to the feed water retumed from the turbine
condenser, in the heat-exchange section of the steam boiler. The cooled coolant then
returns to the reactor vessel for reheating.

Fressurized- water mactor has pump circulating water baftwean reacior vesesl and beilar heat aschanger, Watse
acts as cooalant and moderator. Pressurizing tank maintaing wator pressurs.

The coolant becomes radioactive in passing through the reaclor core, So that the
entire coolant circull, including the steam generator, must be shielded (o protect operafing
personnel. The radicaclive coolant does not have the ability to make the steam in the
boiler radioactive.

With the pressurized coolant at about 2,000 psig the highest-pressure steam is
limited fo about 600 psig leaving the boiler. This reactor arrangement can produce only
saturated steam. The steam, however, can be superheated by separate firing after
leaving the boiler.
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3.6. Boiling-water Reactor.

The boiling-water reactor (BWR), the simplest form of nuclear reactor. Feed water
returning from the turbine enters the bottomn of the reactor vessel to join water in the
reactor circulating upward through the core and downward over the thermal shield
around the core periphery.

Steam bubbles form on the surfaces of the fuel elements and are carried upward
in the circulating water to break through in the steam-release space above. The steam
then leaves to enter the turbine. The water acls as both coolant and moderator.

Sleam pressure in this reactor need be only at the working pressure used by the
turbine. The reactor vessal can be much lighter than that for a PWR. This reactor does
not need a pressurizer, steam generator, circulating pump, or connecting piping. The
steam will be hotter because of eliminating temperature drops in a separate steam
generator and because il can be produced at a higher pressure.

Steam leaving this reactor will be radicactive, but at a low level and with a half-life
onthe order of 15 min. The turbine and its piping need light shielding to protect personnel,

in bolling-water reactor coolant water, also acting as moderator, ciroulates upward through fueal core and dowmnsard

ovar thermal shisld, Staam bubbles break through water surface— sieam coliacting in upper vassal laavas for
turbine. Fecdwater roplaces stoam generatoed.
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CHAPTER - 4.0
DIESEL ENGINE POWER PLANT

4.0 Diesel power plant

Surge

Dy Tank tank
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{ __'l’ﬁ’_{ﬁ Jacket water
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General [ayout ot diesel power plant

4.2, Explain essential of diesel power plant & there function

Diesel power plant canbe used as base load plant. peak load plant or stand by unil. The
diesel power plants are more efficient than any other heal engine of comparable size. It
is cheap in first cost. It can be started quickly and brought into the service. Its
manufacturing periods are short. The diesel power plant consists of the following

components,
1. Engine:

It is the main component of the plant which develops reguired power. It is directly
coupled to the generator. It is a four stroke diesel engine using diesel as fuel
2. Airfilter and super charger:

The function of the air filter is to remove the dust from the air which is supplied to
the engine. The function of the super charger is to increase the pressure of the air
supplied to the engine to increase the power output. The super charger are genarally
driven by the engine shaft.

over flow
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This includes the exhaust valve, exhaust manifold and silencer, During the exhaust
stroke, the burnt gases are exhausted to atmosphere through the exhaust manifold and
silencer.

3. Exhaust system:

4, Fuel supply system:

This includes the main fuel tank, day lank, fuel pump, transfer pump, oil filter and
fuel valve. The fuel is injected into the engine cylinder with the help of a fuel injector

pump. The filter is used to remove the dust and dirt from the fuel supplied to the engine
5. Cooling system:

This system includes surge tank, heat exchanger, jacket water pump, cooling
tower and cooling waler circulating pump. The purpose of the cooling system is lo carry
the heat from the engine cylinder to keep the temperature of the cylinder in the safe
range and extend the life ofthe engine. In order to cool the engine, water is circulated
throughthe engine jacket and warm jacket water is cooled by passing the water through
the heat exchanger. In the heat exchanger the warm jacket water is cooled by the
cooling water coming from the cooling tower. The surge tank is provided to reduced the
water hammering effect.

6. Lubricating system:

It includes oil pump, oil tank filter, coolers. The function of the lubrication system is
fo reduced the friction of the moving parts and thus reduce the wear and tear of the

engine part.
7. Starting system:

It includes compressed air tank and air compressor. The function of this system is
to start the engine from the cold by applying the compressed air.

8. Governing system:

The function of the Governing system is to maintain the speed of the engine
constant imespective of load on the plant. This is done by varying fuel supply to the
engina according to the load.
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Different EfEIﬂl‘I‘IB of diesel power plant
4.3.1. Fuel storage and fuel supply system

Unloading
plant Term

Enginn

Bulk storage tank and engine day tanks hold the engine fuel oil, The former receive
the oil delivered to the plant and stant cutdoorsd for safety. Pumps draw oil from the
slorage tank to supply the smaller day tanks in the plant at daily or shorter intervals.
Tanks must have manholes for internal access and reapair. Fill lines to receive oil vent
line to discharge vapours, sounding connections to major content. overflow return lines
fro controlling oil low and a suction line to withdrawal oil. Ceils heated by hot water or
steam reduced oil viscosity to lower pumping power needs, Delivered oil sometimes
holds water, dirt, metalic chips, and other foreign matter that must be removed by
filtering or centrifuging.

The fuel storage and fuel supply system depend upaon the type of fuel, size of the
plant and type of engine used. The fuel supply system is generally classified as a)
simple suclion syslem and b) lransfer system.
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In simple suction, the oil is taken by a suction pump driven by engines from
service tank located of few Cm below the engine level  Such pump delivers constant
volume of fuel, therefore an over flow line is required back to the tank. This system is
used for small capacity plant.

In transfer system, the pump delivers fuel from the underground storage to day
storage tank. The fuel from the day storage tank flows under gravity to engine fuel
pump. This type of system is used for medium size or large size plant

The location of slorage lank above or below the ground depend upon the local
conditions. The over ground tank has the advantage of detecting leak easily, low
mainienance and easy cleaning. The underground tank has the advantages of reduced
fire hazards.

4.3.2. Fuel Injection System :

The function of the fuel injection systemis to meter the fuel, inject into cylinder at
proper lime, atomize the fuel and mixes the fuel with air. The efficiency of the engine
depends upon the proper mixing of fuel with air. Generally solid injection is used. The
fuel at a pressure of 100 to 200 ata is injected through the nozzle into the compressed
airwhich also helps to atomise the fuel. The common method which are used for fuel
injection system are individual pump, commaon rail and distributor system.

4.3.3. Air Supply System :

Alarge diesel power plant requires large amount of air as 4 to 8 m*kwhr. The air
contains dust which is to be removed from the air before supplying to the engine.
Otherwise it causes excessive wear and tear in the engine. The intake of the air supply
system is located outside the building provided with filters. The filters used may be oil
impingement, il bath or drag type depending upon the dust type and dust concentration
in the air
4.3.4. Water Cooling System :

I the engines are not properly cooled, the temperature inside the engine would
burn the lubricating oil on the liners, Thus wrapping of valves and piston takes place
The praoper cooling of the engine is absolutely necessary 1o extend the life of the plant
Therefore exit temperature of the cooling water must be controlled. Ifit is too low the
lubricating il will not flow properly and wearing of piston and cylinder takes place. If it
is too high, the |ubricating oil burns.
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A common water cooling system used in diesel power plant is shown in figure. In
this system it is necessary to soften the water otherwise it may cause deposits at
temperature at 500C. Generally the quantity of cooling water required is 3510 60 litres
per kw per hour. In order to cool the engine, water is passed throughthe engine jacket
The warm water coming from the engine is cooled in the cooling tower. The cooling
waler from the cooling tower is then supplied to the overhead tank. From the overhead
tank water flows under gravity to the engine jacket. The circulation of water is generally
divided into a single circuil system and double circuit systermn. Two systems are shown
in figure, The single circuit system may be subjected to corrosion in the cylinder jacket
as cooling water from cooling.
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Single circuit cooling systam Double circuit cooling system

Pond is directly supplied to the engine. But in double circuit system the jacketl
waler is cooled by the cooling water coming from the cooling pond in the heat exchanger.
This eliminator internal jacket corrosion
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4.3.6. Lubrication System:
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The: lubricating oil or lube oil, performrs several duties :

1. it lubricates moving parts

2. Removes heat from cylinder and beanngs

3. Help piston rings to seal gases in the cyliner

4, Carries away solid matter from rubbing moving parts.

Lube ofl must choosen with care and purified al intervals.

The lubrication system in diesel power plant is more important than other plant
because of very high pressure and small clearance inthe diesel engines. The life of the
engine, overall thermal efficiency depend upon the effectiveness of the lubricationsystem.
The main parts to be lubricated are crankshaft, wrist pin, bearings and all other moving
parls. Pressure lubrication is generally used. This systemincludes oil sump, pump. oil
cleaner, healer and safely devices, The lubricating oil is cooled in an oil cooler before
supplying to the engine. The cooling is done by using the water coming from the cooling
fower. I1is necessary to remove the impurnties inthe form of carbon particles, water and
metal scrap carried by the cil during circulation. For this purpose, filters or centrifugal
cleaners are used, The mechanical type of filters used are cloth bags, wood pads,
paper pads and porous material pads. For high capacity plant, centrifugal cleaners are
used as the quantity of lubricating oil circulated is approximately 2000 litres per hour for
1 MW plant. The oil should be heated before passing through the centrifugal cleaner
inarder to increase the fluidity of the oil

Starting System : s difficult to start the diesel engine by hand as the compression
pressure are extremely high. Therefore some mechanical systems are usad to start the
engine. Generally, compressor air electric motors and petrol engines are used for
starting the engine. Compressed air system is commonly used for large capacity diesel
plants, This system supplies the air under high pressure 1o a few of the cylinders,
making them to act as recprocating air motors to turn the engine shaft. Admitting fuel il
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o the remaining engine cylinders helps the engine to start under its own power. The
compressor is driven by the engine shaft. The compressed air is accumulated in the air
tank. Once the accumulators indicate the rated pressure, the compressors are
automatically disconnected from the power shaft.
4.1, Advantages of Diesel power plant over thermal power plant :

1. It is more efficient than sleam power plant in the range of 150 MW capacity.

2. [tis cheaper in first cost than steam plant up to about 7 KW._Above this capacity,
diesel cost rises rapidly where as steam planis continues fo fall.

3. It has no stand by losses.

4. It can be started guickly & brought into service.

5. Manufacturing periods are short

. Maintenance can be simplified by the provision of easily replaceable assemblies
of parts.

7. ltis possible toinstal compact, light weighi, high speed diesel set for sites that
are remote,

8. The cooling water required for the same capacily is considerably less than the
thermal plant

9, The diesel plants can be located very near to the load cenfre, many fimes in the
heart of the town.

10. The space required for diesel plant is considerable less than thermal plant

11. The storage required for fuel is less than thermal plant

12. There is no problem of ash hanl:illng

13. The plant layout is very simple compared to thermal plant

Disadvantages;

1. The unit capacity of diesel plant is less than thermal plant.

2. The cost of unit increases with an increase in unit capacity for diesel plant
where as the cost of unit decreases with the increase in unit capacity for thermal power
plant

3. The repair & maintenance are generally much higher than thermal power plant

4, Life of diesel plant is much less as compared to thermal plant.

5. The noise is a serious problem in diesel plant.

8. The lubrication cost is high.

7. The diesel plants are not guaranteed for continuous operation under overloads
& where as steam power plants can work under 25% overload confinuously.
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CHAPTER - 6
HYDEL POWER PLANTS
INTRODUCTION

When rain water falls over the earth’s surface. it possesses potental energy relative to
sea or ocean lowards which i fows, If af a certain pomt, the water falls theough an
appreciable vertical height this energy can be convened into shaft work. As the water falls
through a certain height, 18 polential energy 15 converted o kKinetie energy and this kinetic
energy is converted to the mechanical energy by allowing the water 10 flow through the
hyvdraulic turbine runmer This mechanical energy 15 utilized to rin an electric generator
which 15 coupled to the urbine shaft The power developed n this manner 15 given as:
Power= W ) Hnwatts ...(1)
where W = Specific weight of water, Nim3

0 = rate of water flow, m3fsec

H = Height of fall or head, m

1 = efficiency of conversion of potential energy
into mechansal energy.

ing
r‘?"?
¥/ * Lake
o h“”"'m”"“ Evaporation from Lakes & Rivers
i o e e
o _:.;__:.;_5__.. Evaporation from Land

The generation of elecine energy from [alling water 15 only a small process n the
mighty heat power ¢ycle known as "Hydrological cyvele” or rain evaporation cvele™ It is the
process by which the moisture from the surfiace of water bodies covering the earth's surface
t5 transferred 1o s lamd and back 0 the water bodies again. Thes eyele is shownin Fig, The
input to this cyvele is the solar energy. Due to this, evaporation of water takes, lace from the
water bodies. On cooling, these water vapours form clouds, Further cooling makes the clouds
to fall down in the form of rain, snow, hail or sheet ete: known as precipitation. Precipitation
mncludes all water that falls from the atmosphere (o the earth’s surface in any form, Major
portion of this precipitation, about 23rd, which resches the land surface 15 returmed (o the
atrosphere by evaporation from water surfaces, soul and vegetation and through transpiration
by plants - The remaining precipitation returs ullimately to the sea or ocean through surface
or
underground channels. This completes the evele. The amount of ramfall which runs off the
carth’s land surface fo form streams or ‘rvers & uselul for power penérabon The
precipitation that falls on hills and mountains in the form of snow melis during warmer
weather as run-off and converpes to form streams can also be used for power generation,
Hydro projects are developed for the following purposes:

1. To control the floods in the rivers

2. Generation of power

3, Storage of imigation water

4. Stworage of the drinking water supply.
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6.1, SELECTION OF SITE FOR A HYDRO-ELECTRIC POWER PLANT

While selecting a suitable site, if' 8 good system of natural storage lakes at high
altitudes and with large catchment areas can be located. the plant will be comparatively
economical Anvhow the essential charactersstics of a pood sie are; large catchmen areas,
high average rainfall and a favourable place tor constructing the storage or reservoir, For this
purpose, the gealogical, peographecal and metearological conditons of o site need careful
mvestigation. The followang factors should be sven careful consideration whibe selecting a
site for a hydro-electric power plant
1L.Water Available.

T know the available engrgy from a given stream o niver, the discharge Mowing and
is vanation with time over a number of years must be known. Preferably, the estimates of the
average quantity of waler aviilable should be prepared on the basis of actual measurements
of stream or river flow. The recorded chservation should be taken over a number of vears to
know within reasonable, limits the maximum and mimimum variations from the overage
dischorge. the nver Now data should be based on duly, weekly, monthly and vearly Aow ever
a numnber of vears Then the curves or graphs can be plotted between tile river flow and time
These are Enown 22 hverographs and low duration curves The pland eapacity and the
estmated output as well as the need for storage will be governed by the average flow The
primary or dependable power which 5 available at all {mes when energy is needed will
depend upon the minmmum flow, Such condibions may alse [ix the capacity of the standby
plant The, maximum of flood flow govemns the size of the headwords and dam to be bk
with adegquate spillway
1. Water-Siorage.

As plready discussed, the output of a hvdropower plant 8 not uniform due o wide
variatong of rmn fall To have a unifirm power outpul, a water storage s needed so that
excessilow al certmn times may be stored to make it avanlable ot the times of low flow To
select the sie of thedam | careful study should be made of the peology and topography of the
catchment area 1o see if thenatural foundations could be found and put to the best use
3. Head of Water.

The level of water inihe reservoir for a proposed plang should always be
within Tmits throughout the year

4. Distunce from Loasd Center,

Most of the time the electric power generated m & hydro-electricpower plant has to be
used some considerable distance from the site of plant. For thes reason, o beeconomcal on
transmission of electne power, the routes and the distances should be carefully considerad
since the cost of erection of traremission lines and their maintenance will depend upon the
roweselectied
8. Access to Site.

It i5 alwavs o desirable Fsctor (0 have g good access 1o the site ofthe plant This
factor 15 very mporiant of the electre power senerated 5 (o0 be wtilized al or near the plant
site. Thetrarsport facilies must also be given due consideration,

ESSENTIAL FEATURES OF A WATER-POWER PLANT
A simplified flow sheet of a water power plant 15 shown in Fig.
The essential features of a water power plant are as below:

Catchment area

Eeservoir

Dam and imake house

Inlet water way

Power house.

1. Taul roce or outlet water way,

L de i el —

-
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Catchmant Area

FEaesereoir
Dam and Head Waorks

Sluice Gale or Walve

Penstock

Il Walhoe

Turbmrme

1.Catchment Area.

The catchment area of a hydro plant i the whole area behind the dam, draming mio a

siream or rver across which the dam has been built &l a suitable place
1. Reservair,

Whaole of the waler available from the catchment area 15 collected 1ina reservoir
behind the dam. The purpose of the storing of water in the reservoir is 10 get & uniform poswer
output throughout the year A reservorr can be either matural or artficial. A natural reservoir
i5 a lake im high mouniains and an arfificial reservoir is made by constructing a dam across
the river

3. Dwm and Intake Houose,

A dam = built across a river for two functions: to impound the river water for stornge
and 1o create the bead of waler. Doams may be classibed according to ther structural materials
such as: Timber, steel, earth, rock filled and masonry. Tember and steel are used for dams of
height & m to 12 m only. Earth dams are buili for lasger beights, up to about 100m. To
protect the dam from the wave erosion, a protectng coal of rock, conerete or planking must
he laid at the water line. The other exposed surfaces should be covered with grass or
vegetation Lo protect the dam from ramBall érosion. Beas dam a1 Pong 15 a 126 5 m high earth
core-gravel shell dam in earth dams, the base 5 quite large as compared to the hewght. Such
dams are quite suitable for o pervious foundation because the wide base makes a long
seepage path. The have got the following
EARTH DAMS - ADVANTAGES.

{a) Suitable Tor relatively pervious foundation.

{(£) Usually less costlier than a masonary dam.

(<) If protected from erogmon, this type of dam = the most permanent (vpe of
CONSITUCTION.

{cf) It fits best i naurad surroundings

EARTH DAMS - DISADVANTAGES OF:
{a) Greater secpage loss than other dams
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(&) The earth dam is not suitable for a spilbway, therefore, & suppléements
requ ired

{c) Danger of possible destruction or serious damage from erosion by water either
seeping throughit or overflowing the dam

Concrele Corz Wall

Fress Sps peee

e S
Earth, Sand and Gravei
e e e

Best Rick

The masonary dams are of theee major classes:

I Solid gravity dam,

2 Butiress dam and

3 The arched dam

The buttress or deck dam has an inclined upstream face, so thal water pressure creales

o large downward forée which provides stabifity aganst everturmning or diding An arch dam
15 preferablewhere a narrow canyon width iz available It can be anchored well and the water
pressure against thearch will be camed by less concrete than wath a strmght gravaty type. This
dam has the inherent stabilitvagainst sliding The most commonly used dams are shown in
figure.

Drams must be able to pass the Nood water o avod damage to them. This may be
nchieved by spillways, conduits piercing the dam and the tunnels by passing the dam.

The mtake ineludes the head works which are the structures ol the intake of conduts,
twrmels or Mumes. These strectures include booms. sereens or trash racks, sluwes for
bypassing debris, and gates or valves for controlling the water flow, Booms prevent the ice
and floating logs from going nto the intake by diverting them to a byvpass chute. Booms
consist of logs ted end to end and form a floating cham. Screens or trash racks are fitted
directly at the infake to prevent the debns from going mto the intake. Debris cleaning devices
should also be fitted on the trash racks. Gates and valves control the rate of water flow
entering ihe miake

The dilferent tvpes of gates are radial gates, sluice gates, wheeled gates, ploain shiding
pates, crest sates, rolling or drum gates ete. The vanowus types of valves are rotary, spherical.
butterfly or needle valves. A typecal mtake house 15 shown in Fig - An asr verd should be
placed immedately below the gae and connected 1o the top of the penstock and taken 1o a
level above the head water, When the head gates are closed and the water 15 drawn ofT
through the turbines, mr will enter into the penstock through the ar vent and prevent the
penstock vacuum which otherwise may cause collapsing of the pipe. A filler gate is also
provided to balance the water pressure for opening the gate.

4. Imled Water Ways,
Inlet water ways are the passages, through which the water 15 conveyed o the turbines
from the dam. These may inchode twunnels, canals, flumes, forbays and pensiocks and also
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suree tanks A fore bay 15 an enbweed passage for drawing the water from the re
river and giving it to the pipe lines or canals.

Tunnels are of two 1ypes pressure type and non-pressure type
The pressure type enables the fall to be utilized for power production and these are uswally
lined wath steel or concrete to prevent leakages and friction ksses. The non-pressure type
tunnel acts as a channel The use of the surge tank s 10 avoid water hammer in the penstock.
Water bammer is the sudden rise in pressure in the penstock due to the shuttmg off the waler
1o the turbmne. This sudden nse in pressure 15 rapidly destroved by the rise of the water m the
surges tank otherwise it may damage or burst the pemstock.

5. Power House,

The power house 15 a building in which the turbines, alternators and the auxiliary
plant are housed.
6. Tail Race or Owilet Water Way,

Tail race is a passape for discharging the weter leaving the turbines, into the river and
in certan cases, the waler from the tail race con be pumped back into the ongingl reservoir

62 CLASSIFICATION OF HYDRO-PLANT

In hydro-plants, water is collected behind the dam. This reservoir of water may he
classified aseither storage or pondage according o the amount of water Aow régulation they
canexert. The functionol the storage 15 o mpound escess over Mow during the ramy season
to supplement the low rates offlow during dry seasons. They can meet the demand of load
fluctuatons for six months or even for ayvear. Pondage mvolves in stormg water during low
loads so that this water can be utilized for carryingthe peak loads duning the week Thev can
meel the ourly or weekly Muctuations of losd demand Withpoundage, the water level
always fluctuates during operations It rises af the time of storing water, falls anhe time “ofl
drawing water, remains constant when the load 15 constant,

The hvdro-power plands can be classified as below;
| Storage plant
{2} High hesd plants
{5} Low head plants
{c) Medmm head plants.
2 Run-of-river power planis
{a) With pondage
{ By Without pondsze
3 Pumped storage power Plants
b3 STORAGE PLANTS
These plants are usoally base load plants. The hvdro-plants cannot be classified
directhy onthe bases of head alone as there is no clear ling of demarcation between a high head
ind a medivm heador between medium bead and low head. The power plant can be classifed
on the basis of head rouzghlvin the following manner,

{a) High head plants, About [00 m and above
(H) Medium head plants. about 30 w0 300 m
{c] Low head plants. Upto about 50 m

6.2.1. High Head Flants,

Fig shows the elevation of a high head plani. The water is taken fromihe reservoir
through tunnels which distribute the water 1o penstock through which the water 15 convevedio
the turbmes Alternately, the water from the reservoir can be taken o0 a smaller storage
knownas a forbay, by mans of wnngls, From the forbay, the waler 5 then distribuied to the
penstocks, Thefunction of the forbay s to distribute the water o penstocks leading fo
turbines. The inflow (o thefore bay i 5o regulated that the kevel in the forbay remams nearly
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corstant. The turbines will thus be fedwith under a constant static head, Thus, 5
help to regulate the demand for water according tothe load on the turbines Trash racks are
fitted at the inlets of the tunnels to prevent the foreign matterfrom going into the tunnels In
places; where it in not possible to construct forbays, vertical constructionsknown as  surge
tanks' are built. The surge tanks are provided before the valve house and after thetunnel from
the head works. The function of the surge tank 15 to prevenl 8 sudden pressune rise in
thepenstock when the load on the turbines decreases and the miet valves 1o the turbines are
suddenly closed. In the valve house, the butterfly valves or the sluce type valves control the
waler low in thepenstocks and these valves are electrically driven Gate valves are also there
in the power house tocontrol the water How through the turbmesafter Nowing throush vle
turlvings | The water is dischargedto the tail race.

Low head power plants.

These power plants are also known as canal power plants. Such a
Plant 15 shown in fig. A dam s built on the river and the water 5 diverted into a canal which
conveys the water into a Forbay from where the water is allewed o flow through turbines.
Afier this, the water is again discharged Into the river through a tail race At the mouth of the
canal, head pates wre fitted o control the Flow in the canal - Before the water enters the
turhines from the forhay 11 is made 1o flow through Screens or trash-racks so that no
suspended matter goes mio the lurbines [ there 15 any excess water due To ncreased ow m
the river or due to decrease of load on the plant, it will flow over the top of the dam Or a
waste welr can be constrincted along the forbay so that the excess water flows over it into the
river. For penodic cleaning and repair of the canal and the forbay, a dram gate is provide on
the side of the Waste weir, The head gate 15 closed and the dnain gate is opened so that whole
of the water s drawn from Theforbay and the canal for therr cleanmg and repar

Medium Head Plants,

If the head of water available 15 more than 50 m., then the water from the forbay 15
conveved 1o the turbines through pen-siocks. Such a plant sall then be named as 3 medium
head plant. In these plants, the river water 15 usually tapped off 1o a forbay on one bank of the
river as in the case of a low head plant, From ihe forbay, the waier is ithen Jed 1o the turbings
through penstocks Such a lavout & shown in Fig

6.2.3. RUN-OF-RIVER POWER FLANTS

These plants can be classified as either without pondage or with pondage. A run-of-
river plant without pondage has no control over river flow and uses the water a8 1t comes
These plants usually supply peak load During floods, the tail water level may hecome
excessive rendering the plant inoperative

A run-of-river plant wath pondage may supply base load or peak losd power, Al Limes
of high water flow it mav be base loaded and during drv seasons it may be peak loaded.

PUMPED STORAGE POWER PLANTS

These plants supply the peak load for the base load power plants and pump all or 2
portion. of their own water supply. The usual construction would be a tml water pond and a
head water pond connected through a penstock. The generating pumping plant 15 at the lower
end During off peak hours, some of the surplus electric energy being generated by the hase
load plant. i utihzed to pump the water from tail water pond o the head water pond and
this energy will be stored there. During times of peak load, this energy will be released by
gllowing the water to fow from the head water pond through the water turbing of the pumped
storage plant. These plants can be used with hyvdro, steam and Le. enging planis. This plamt s
nothing but a hvdrulic accumulator svstem and is shown in Fig These plants can have
cither vertical shaft arrangement or horizontal shall amangement In the older plants, thereg
were scparate moior driven pumps and turbine driven generators. The improvement was the
pump amd turbine on the same shaft with the electrical element acting as either generater of

[65]

Scanned by CamScanner



mator. The latest design 15 to vse o Francis turhing which 15 just the reverse o
pump. When the water flows through it from the head water pond it will act as @ turbine and
rotate the generator. When rotated n the reverse direction by means of an electric motor, i
will act as a pump to shunt the water from the tail water pond 1o the head water pond

The efficiency of such a plant 15 never 100 per cent, Some water may evaporate from
the hesdwater pond resulting in the reduction in the stored energy or there might be run o ff
through the soil.
AIWVANTAGES AND DISADY ANTAGES OF UNDERGROUND POW ER-HOUSE
Advaninges
I. Under sutable geological conditions, the underground conduit may prove the shortest and
sometimes even straight The power conduit may be much shorter than the length of power
canal wsed for underground poswer house os the power canal usually buili to follow the
contours of the terrmn. By locating the power house underground, the number of restrictions
as safe topographical and geological conditions along the penstock and sufficient space at the
fovot of the hill for constructing the power house are completel v eliminated

2 The construction of undersround conduit mstead of penstock results m considerable saving
in steel, the imternal pressure is carried partly by the rock if it 1s of good qualitv. In sound
high quality rock, the penstock 15 replaced by anainclined or veriical pressure shafl excavated
in rock and provided with a steel liming of greatly reduced thickness in companson with
exposed penstock “roe purpose” of hning in such cases s protection against the seepage
losses

3. The reduced length of the pressure condunt reduced the pressures developed due to
watlerhammer. Therefore, smaller surge tank 15 also sufficien

4. For the economacal arrangement, the ratio of the pressure conduit 1o the tail-race tunne] is
w50 sgpnificant. The overall cost of the system 15 lower if the tal-race unnel length 15
relatively large

3 The constrction work at underground power station can continue unimterrupied even
under severest winter condtions, The ovenll construction cost and penod of construction s
reduced due 1o contimuity of work

6. Much care 15 devoted today in many countries to preserve lnandscape features such as
picturesque rock walls, cinvons, valleys and rver Barks in their onginal beauty against
spoiling by exposed penstocks, canal basing and maching halls. There is less danger of
disturbance to amenities with an underground power house and prpelines, The other
advantages mined by constructing underground power houses are listed below, The six
advantages mentioned above reduce the constructional difficulties and overall cost of the
plant and preservie the ongmal beauty of landscape. The overall cost s further reduced by the
modern technegues in tunnel work and belter excavalion process,

7. The shorter power conduit of underground power house reduces the head losses.

B The regular mamienance and repair costs are lower for underground stations as the
maintenancerequired for rock tunnels 1s less.

. The power pland 15 free from landslides, avalanches, heavy snow and randall,

10, The useful life of the structures excavated in rock 15 considerably longer than that of
concrete and remforced concrete structures

1. 1t 15 possible to improve the governmg of the turbines wath the construction af
undergroumd power house

12, The comstruction persod 15 reduced manly due o the possibility of full-scale constructon
work in wintes

13. Underground power station is bomb-proot and may be preferred for military reasons:
Thev are perfectly protected against air-raxds, The miliary consideératons became more
predominant with the increased shadow of the war and the building of underground power
stationa underwent a rapid evolution after second world war,
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Disadyvantapzes
|- The constraction cost of the underground power house 5 more compared with the over
ground power house
(@) The excavation of the caverns required for housing the turbine generator umits and
auxilaryequipments (maching hall of Koyna project s 5007 « 120° = 60" in dimenswons) is
VETY EXpensive
[ &) The costs ol access unnels are consederable
Ic] The separate gallery excavated for the nlet valves adds the extn cost,
(df) The construction of ir ducts and bus gallenies also adds m total construction costs.
(&) Specinl ventilation and wir-cond tioning equipment requared for underground odds i the
constructo nleosts
{1 In some cases, the tailmace unnel of an underground power house reguires a
moreelaborstesolution than o talrace tunnel designed for the surface arrengement The
pdvantage gained byreducing the pressure conduit would be lost by extending the tailrace
tunnel,
() The first cost 15 also increased by locating the transformer and high-voltage switchgear
underground

The above-menbiongd constructions incrense the capital cost of the plan
2 The operatsonal cost of the power plant increases due to following reasons

{a) The lighting cost

(&) The running cost of air-conditroned plant

{¢) The removal of water seeping may be maore costly than tor the surface

arrangement
Adequate ighting, proper vemtilation, maintenance of uniform climatic conditons within
thepower howses, provision of the necessary safety equipments against looding. maintenance
of properacoustical conditions, augmenting the feeling of safety by providing a sufficient
number of well placedexit; and fmally artstic shaping and outfitting of machine hall
tnereases the overall cost of the undeérgroundposver house compared with ground surface
porser holse

The choice of the site for the power house either over ground or underground requires
& considerable economical analysis accerding to the available topography and no thumb nele
can be appled Bor 15 s¢lection
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