


CONTENTS

1.1
1.2
113
1.4
i$]
1.6
157
1.8
129
1.10
1.11
1512

Preface

Energy Classification, Sources, Utilization,

Economics, and Terminology

Introduction

Mass-Energy Dependence
Energy, Mass, and Power Units
Energy Types and Classifications
Energy Sources

Energy Reserves

Energy Utilization

Electrical Power Generation and Consumption
Growth Rates

Energy Economics

Power Generation Terminology
Energy-Conversion Matrix

List of Symbols
Problems
References

2

2.1
2.2
23

Principal Fuels for Energy Conversion

Introduction

Biomass Fuels

Fossil Fuels

2.3.1 Background

2.3.2 Hydrocarbon Chemistry
2.3.3 Standard Fuels

234 Coal

2.3.5 Petroleum

2.3.6 Gaseous Fuels

43

43
43
47
47
47
50
o1
58
61

vii




viii

CONTENTS

2.4 Nuclear Fuels

2.4.1 Source of Nuclear Energy
2.4.2 Radioactive Decay
2.43 Nuclear Fission
2.4.4 Nuclear Fusion
2.5 Solar Energy
2.5.1 Introduction
2.5.2 Solar-Energy Calculations
2.5.3 Solar Collection Systems
List of Symbols
Problems
References
3 Production of Thermal Energy
3.1 Introduction
3.2 Conversion’of Mechanical Energy
3.3 Conversion of Electrical Energy
3.4 Conversion of Electromagnetic Energy
3.5 Conversion of Chemical Energy
3.5.1 Introduction
3.5.2 Combustion Reactions
3.5.3 Theoretical Air-Fuel Ratio
3.5.4 Actual Combustion Process
3.5.5 Combustion Mechanics
3.6 Conversion of Nuclear Energy
3.6.1 Introduction
3.6.2  Nuclear Reactor Terminology
3.6.3 Neutron Reaction Rates
3.6.4 Neutron Reactions and Cross Sections
3.6.5 Classification of Nuclear Reactors
3.6.6 Reactor Physics
3.6.7 Composition of a Nuclear Power Reactor
List of Symbols
Problems
References
4 Fossil-Fuel Systems
4.1 Introduction
4.2 Fluid-Moving Systems
4.2.1 Introduction
4.2.2 Boiler Feed Pumps
4.2.3 Combustion Air Systems
4.2.4 Draft Systems
4.3 Combustion Methods and Systems

43.1
432
433

Gas-Fired Systems
Oil-Fired Systems
Coal-Combustion Systems

66
66
69
7
89
97
97
98
108
113
115
120

122

122
122
123
123
124
124
124
126
129
140
141
141
142
144
147
154
165
170
183
184
187

189

189
189
189
190
193
195
203
203
204
206



4.4 Steam Generators

44.1 General

4.4.2 Boiler Types and Classifications

443 Primary Boiler Heat-Transfer Surfaces
4.4.4 Secondary Boiler Heat-Transfer Surfaces
4.4.5 Boiler Ratings and Performance

List of Symbols
Problems
References

5il
5:2

53

5.4

Nuclear Reactor Design and Operation

Introduction

Power Reactor Systems

5.2.1 Light-Water Reactors

5.2.2 Gas-Cooled Reactors

5.2.3 Liquid-Metal, Fast-Breeder Reactors
Reactor Thermal Design

5.3.1 Reactor In-Core Power Distributions
5.3.2 Fuel Element Temperatures and Heat Fluxes
Reactor Operations

5.4.1 Reactor Kinetics

5.4.2 Reactivity Coefficients

5.4.3 Fission-Product Poisoning

5.44 Fuel Requirements for a Nuclear Reactor

List of Symbols
Problems
References

6

6.1
6.2
6.3
6.4
6.5

Environmental Impact of Power Plant Operation

Introduction
Particulate Emissions
Gaseous Pollutants
Thermal Pollution
Solid-Waste Pollution

List of Symbols
Problems
References

7

7|
7

Production of Mechanical Energy

Introduction

Conversion of Thermal Energy

7.2.1 Thermodynamic Power Cycles

7.2.2 Reversible Heat-Engine Cycles
7.2.3 Internal-Combustion Engine Cycles
7.2.4 Internal-Combustion Engines

7.2.5 Engine Performance

7.2.6 External-Combustion Systems

CONTENTS

ix

219
219
221
226
228
234
243
244
247

249

249
251
251
262
264
267
267
275
284
284
293
295
304
311
313
316

317

317
321
329
333
337
341
342
343

345

345
346
346
347
333
358
361
366




X CONTENTS

7.2.7 Vapor Power Cycles 374

7.2.8 Combined Cycles 388

7.3 Turbines 5 392
7.3.1 Steam Turbines 392

7.3.2 Hydraulic Turbines 399

7.3.3 Wind Turbines 405

7.4 Electromechanical Conversion 409
7.4.1 General 409

7.4.2 Electric Motors 410

7.4.3 Types of Motors 411

7.4.4 Electromagnetic Pump 416

List of Symbols 417
Problems 419
References 427
8 Production of Electrical Energy 428
8.1 Introduction 428
8.2 Conversion of Thermal Energy into Electricity 429
8.2.1 Thermoelectric Converters 429

8.2.2 Thermoelectric Refrigerators 434

8.2.3 Thermoelectric Systems 438

8.2.4 Thermionic Converters 440

8.2.5 Other Thermal-Electric Conversion Systems 446

8.3 Conversion of Chemical Energy into Electricity 447
8.3.1 General Systems 447

8.3.2 Fuel-Cell Performance 448

8.3.3 Types of Fuel Cells 453

8.4 Conversion of Electromagnetic Energy into Electricity 456
8.4.1 Operational Characteristics of Solar Cells 456

8.4.2 Solar-Cell Performance 461

8.5 Conversion of Nuclear Energy into Electricity 463
8.6 Conversion of Mechanical Energy into Electricity 463
8.6.1 Electric Generators and Alternators 463

8.6.2 Fluiddynamic Converters 466

List of Symbols 475
Problems 478
References 479
9 Energy Storage 481
9.1 Introduction 481
9.2 Storage of Mechanical Energy 482
9.2.1 Kinetic Energy Storage 482

9.2.2 Elastic-Strain Energy Storage 484

9.2.3 Gravitational Energy Storage 486

9.2.4 Compressed-Fluid Energy Storage 487

9.2.5 Magnetic-Field Energy Storage ] 488




9.3 Storage of Electrical Energy
9.3.1 Introduction
9.3.2 Electrostatic-Field Energy Storage
9.3.3 Inductive-Field Energy Storage
9.3.4 Batteries

9.4 Storage of Chemical Energy

9.5 Storage of Nuclear Energy

9.6 Storage of Thermal Energy

List of Symbols

References

List of Appendixes

Physical Constants

Conversion Factors and Standards

Ultimate Analysis of Biomass Fuels

ASTM Coal Classification System (Summary of ASTM D388)
Typical Coal Analyses

Converting Proximate to Ultimate Analyses

Liquid Fuels

Fuel-Gas Analyses

Reactant Properties

List of Chemical Elements

Partial List of Isotopes

Radioisotope Fuels

Solar Constants (for Northern Latitudes)

Solar Position and Irradiation Values

Variation of Solar Radiation with Latitude (for Northern Latitudes)

Ot e el =t ST Gyl e o TG e

Index

CONTENTS

xi

488
488
488
489
489
490
492
493
495
496

497

498
500
506
509
513
514
517,
519
522
523
325
542
544
546
549

551



	001.jpg
	002.jpg
	003.jpg
	004.jpg
	005.jpg
	006.jpg

