


Agricultural 
Extension * 
System H

OXFORD 
& (BH

(XRY GKVK

Sqr^bk Chowdhury 
' lleblii^rata Mondal



Contents

Preface v
List o f Acronyms xi

1. Changing Scenario in Agricultural Extension 1

2. Existing Agricultural Research and Extension Systems 8
• Changing Agricultural Development Goals vis-a-vis 

Extension Systems 9
• Types of Agriculture and Research-Extension Linkage 11
• Linking Decentralization of Agricultural Extension Systems 

to Sustainable Agricultural Development 12
• The Move towards Pluralism for Sustainable 

Agricultural Development 13

3. Reforming the Agricultural Extension System in India 16
• Definition and Concepts of Reforms 16
• Relationship between National Agricultural Development Goals 

and Different Agricultural Extension Objectives and Functions 18
• Strengths of Indian Extension System 22
• Weaknesses Constrains of Indian Extension System 22
• Opportunities and Threats 23
• Emergence of Pluralistic Extension Systems in India 23
• National Mission on Agriculture Extension and Technology 27

4. Public and Private Sector Extension System 29
• Public Sector Extension System 29
• Farmers Portal 30
• m-Kisan 30
• Kisan Call Centre 30
• Kisan TV Channel 31
• Agriculture Clinic and Agriculture Business Centres (ACABC) 31
• Strengthening Agri-Clinics and Agri-Business Centres Scheme 32
• Community Radio Stations 33
• Private Sector Extension System 33
• Civil Society (NGO) Extension Systems 35

5. Technology Transfer vis-d-vis Extension System 37
• Technology 37
• Agricultural Technology 38
• Types of Agricultural Technology 39



viii Agricultural Extension System

• Appropriate Technology 40
• Management 41
• Technology Management 41
• Technology Development 42
• Designing Agricultural Research and Extension Systems 43
• Technology Flow Processes 43
• The Linkage Problem 44
• Technology Assessment and Refinement (TAR) 45
• Meaning and Significance of Dissemination 46
• Technology Transfer 46
• Technology Transfer Models 49
• Agricultural Knowledge and Information System (AKIS) 51
• From the Technology Transfer Model to an Agricultural 

Knowledge and Information System (AKIS) 54

6. Genesis of Agricultural Extension 55
• Agricultural Extension—Definition, Meaning, Concepts 55
• Agricultural Extension System in India 56
• Training and Visit System of Extension 56
• Agriculture Extension System through Media and ICT 57
• Salient Recommendations of Sub-groups on Agricultural Extension 58

7. Participatory Extension Approaches 61
• Animation Rural 61
• Integrated Rural Development 61
• Key Constraints in Creating a More Integrated Rural 

Development System 62
• Farmer-Based Extension Organisations 63
• Market-Oriented Extension Approaches 64

-  Commodity-Based Advisory Systems 64
-  Innovative, Market-Driven Extension Approaches 65

• Non-formal Education/Extension Approaches 66
-  Farmer Field Schools 67
-  University-Based Extension 67
-  Concept of Farm School 67

• National Agricultural Extension Project (NAEP) 68

8. Policy Framework for Agricultural Extension 72
• National Agriculture Technology Project (NATP) 72
• New Scheme of Extension Division of the DAC 72
• Support to State Extension Programmes for Extension Reforms 73
• State level: Inter Departmental Working Group (IDWG) 74
• State Agricultural Management and Extension 

Training Institute (SAMETI) 75
• Farm Information and Advisory Centre (FIAC) 75



Contents

-  Block Technology Team 76
-  Farmer Advisory Committee 76
-  Farmers Organisations (FOs) 77
-  Policy Parameters Governing the Cafeteria 79

• Paradigm Shift of Agricultural Extension 79
• Extension Policy Framework 81

-  Policy Reforms 82
-  Public Extension Services 82
-  Private Extension Services 82
-  Mass Media and Information Technology 83

• Institutional Restructuring 84
• Management Reforms in Agricultural Extension 87
• Improving Research-Extension Linkages 89
• Capacity Building of Extension Functionaries 89
• Empowerment of Farmers 90
• Mainstreaming Women in Agriculture 91
• Use of Information Technology 92
• Financial Sustainability and Resource Mobilization 93
• Changing Role of Government 95

9. Innovation System vis-a-vis Farm Sector
• Innovation 97
• Changing approaches for Supporting Agricultural innovation 98
• Innovation System 98
• Agricultural Innovation System 99
• Institution 101
• Institutional innovation 101
• Innovation in Technology Dissemination (ITD) Component of 

National Agricultural Technology Project (NATP) 102
• Agricultural Technology Management Agency (ATMA) 102
• Participation 106
• Decision-Making 107

10. Conceptual Framework
• Constraints 109
• Strategy for Operationalisation of Recommendations 111
• Conceptual Framework 114
• Some Debatable Issues 116

Bibliography



FUNDAMENTALS OF

AGRICULTURE
As per ICAR/SAUs Syllabus and Guidelines

> Useful for Students, Teachers and Researchers 
Single Platform for all competitive examinations preparation

> Examinations like IAS, IFS, PCS, ARS, Banking services 
and B.Sc./M.Sc./Ph.D.(Ag)

R.L. Arya 
Sonam Arya 
Renu Arya 
Janardhan Kumar

9 SCIENTIFIC 
PUBLISHERS

*RY GKVK



CONTENT

Chapter 1 Soil Science and Agricultural Microbiology

Pedology, Edaphologgy, Soil classification, Soils, Components of soils, 
Soil minerals, Clay minerals- Silicate clay, Sesquioxide clays, 
Classification of clay minerals, Silica-sesquioxide ratio, Organic 
matter, Physical properties of soil, Soil texture, Soil structure, 
Density of soil, Soil porosity, Soil colour, Soil formation, Parent 
material, Weathering of rocks, Soil horizon, Soil erosion, Types of soil 
erosion, Consequences of soil erosion, Causes pf soil erosion, Plant 
nutrition, Essentiality of elements in plant nutrition, Essential plant 
nutrients, Forms in which nutrients are utilized by plants, Inventor of 
essential plant nutrients, Mobility of nutrients, Functions of essential 
plant nutrients, Deficiency symptoms of plant nutrients, Losses of 
plant nutrients from soil, Sources of plant nutrients, Nutrient 
composition of fertilizers, Nutrient composition of wood ashes, Green 
manuring, Method of fertilizer application, Enhancing fertilizer use 
efficiency, Nutrient content in dung and urines of different animals, 
Nitrogen fixation in soil of different green manuring crops, nutrient 
content in different types of cakes, Classification of nitrogeneous, 
phosphatic and potassic fertilizers, Nutrient content in different 
complex fertilizers, Rhizobium species and strains, Fate of plant 
nutrients, Soil of India, Classification of soil groups according to new 
classification, Saline, Alkali, Saline-alkali soils, Difference between 
saline and alkali soils, Sodium absorption ratio, Causes of salt 
accumulation, Evaluation of saline and alkali soils, Reclamation of 
saline and alkali soils, Acid soil, Milli-equivalent concept, Land 
capability classification, IPNS system, Soil nutrient transformation, 
mineralization of nitrogen, Denitrif-ication, Soil pH, Cation exchange 
capacity. Anion exchange capacity, Buffering capacity of soil, 
Biofertilizers, Bacterial biofertilizers, Types of microbial inoculants, 
Compost inoculants, VAM, BGA, Method of application, Precaution 
while using biofertilizers, BNF, Important points.

Chapter 2 Horticulture

Importance and scope of horticulture, Tropical and subtropical fruits 
-  Mango, Banana, Ber, Grapes, Temperate fruits -  Apple, Apricot, 
Cherry, Peach, Pear, Straw berry, Plum, Indian floriculture industry, 
Export constraints, Rose cultivation, Annuals, Types of annuals, 
Varieties of annuals,^ Climbers and creepers, Shrubs, Hedges,’ 
Selection of plants, Topiary, Ornamental foliage plants, Propagation 
of shrubs, Landscape gardening, Natural elements of landscape,



Fundamentals o f  Agriculture Volume -  II

Chapter 3

Chapter 4

Chapter 5

Landscaping principles, Factors affecting the landscape design, 
Garden styles, Art/ principles of landscape, Some important landscape 
gardening terms, Green house production technology for important 
flowers-Rose, Carnation, Chrysanthemum, Gerbera, Green house 
technology for vegetables, fruit vegetables -Tomato, Brinjal, Chillies, 
Okra, Cole crops-Cabbage, Cauliflower, Knol-khol, Bulbs, Cucurbits 
and gourds, water melon, Bonsai, package and practices of fruits and 
vegetables, Annual flowering plants, Important herbs used in 
herbaceous border, Fruits and vegetable production, Important 
points.

Entomology

Pests, causes of outbreaks of pests, Principles for insect-pest control, 
Natural control, Applied control-Physical, Mechanical, Cultural, 
Biological control, List of some parasitic fungi, Important insecticides 
and pesticides, Generations of insecticides, Classification of 
insecticides, Insecticides and their trade names, Pesticides registered 
in India, Important point.

Plant Pathology

Diseases-Concept of plant diseases, Way that pathogens causes 
disease, Classification of diseases, Diseases caused by, Symptoms of 
plant diseases, Animate causes of plant diseases, Obligate parasites, 
Facultative parasites, Disease forecasting, Common diseases, Foliage 
and root diseases, Principles of plant diseases control-Eradication, 
Exclusion, Protection, Some plant protection chemicals-Seed dressing, 
Fungicides, Soil fungicides, Spray fungicides, Wound dressing 
fungicides, post harvest treatments of fruits and vegetables, 
Antibiotics, Seed treatment of different crops, Nematodes, Symptoms 
of nematodes attack, Types of parasitism, Important nematodes 
genera and diseases, Management of nematodes-Physical methods, 
Cultural methods, Physiological methods, Chemical methods, 
Biological methods, Host resistance, Regulatory methods, Important 
diseases of crops-Diseases of cereals, Diseases of oilseed crops, 
Diseases of vegetable crops, Diseases of fruit crops, Diseases of cash 
crops, Diseases of pulses, Integrated pest management, Bio-intensive 
integrated pest management, Important points.

Agricultural Extension

Extension education, Objectives of extension education, Principles of 
extension education, Difference between formal and informal 
education, Objective of extension, Basic philosophy of extension, 
Functions of extension, Extension education process, Teaching- 
learning process, Role of extension education in development, Criteria 
of effective extension education, An effective learning situation, 
Criteria of effective learning, Principles of extension, Dimensions of 
extension, management of extension, Steps in extension teaching, 
Competencies needed by the extension agent, Scope of extension, 
Communication, Communication systems, Key elements of 
communication, Basic functions of communication, Method of

152-169

170-206

207-262



Content ix

Chapter 6

Chapter 7

communication, Elements of extension communication system, A good 
message should be, Communication methods, Classification of 
communication methods, Audio-visual aids, Demonstration, Adoption 
and diffusion of innovations, Research attributes of innovation, The 
adoption process, Extension programme planning, Components of 
programme planning, Principles of programmee planning, 
Agricultural and rural development programmes in India, 
Information and communication technology, Historical roots of ICT in 
India, Some innovative rural based initiatives in India, ICT-Some 
prominent initiatives, Suggestions of effective utilization of ICT, 
Traditional folk media, Types of traditional media, Forms of 
indigenous communication, Participatory Research, Cyclic process of 
PR, GAT model, Use of media in PR.

Agricultural Economics

Scope of agricultural economics, Subject matter of agricultural 
economics, Nature of agricultural economics, Utility of agricultural 
economics, Rural credit, Classification of credit, Sources of 
agricultural credit, Integrated scheme of rural credit, Role of reserve 
bank of India, State Bank of India, Agricultural cooperative credit 
societies, Agricultural cooperative credit structure, LLB, NABARD, 
Land reforms in India, agricultural marketing, Classification of 
agricultural marketing, Marketing services, Market channels, Method 
of sale of agricultural produce, Problems in marketing of agricultural 
produce in India, Farm management, Scope of farm management, 
Economic principles applied to farm management, Types of farming, 
Systems of farming, Classification of systems of farming, Agricultural 
labour, Classification of agricultural labour, Problems of agricultural 
labours, Suggestion for improvement of labour efficiency, Farm 
planning and budgeting, Partial budgeting, Complete budgeting, 
Difference between partial and complete budgeting, Important points.

Agricultural Statistics

Function of Statistics, Limitations of statistics, Collections of data, 
Method of sampling, Classification and tabulation of data, Objectives 
of classification, Types of classification, Tabulation of data, Measures 
of Central value, Types of averages, Measurement of dispersion, 
Coefficient of variation, Skewness, Measures of skewness, Moments, 
Kurtosis, Correlation, Types of correlation, Regression, X2 test, Z test, 
T-test, F-test, Analysis of variance, experimental design - CRD, RBD, 
LSD, Factorial split plot design, Strip plot design, Missing plot 
technique, Important point.

263-293

294-321



1 j
J lV lw bT Im im  -

Ki, TjJt, .tjsi 1 r a L
i

Asheesh Chaurasiya 
Durgesh Singh

UflS LIBRARY GKVK

630.076 CHA
SDC-3770

Jain Brothers

GLANCE
AGRONOMY

Meant For
JRF, SRF, NET, ARS, Agri. Universities EXAMS, Bank, Civil 

and all Other Agriculture Based Examinations



Contents
PREFACE (?)

CHAPTER NA(ME PAGE NO.

1. CURRENT AFFAIRS OF AGRICULTURE................................ ............................ 1-8

2. A G RONOM Y...................................................................................................................................... 9-98

3. SOIL SCIEN CE................................................................................................................ 99-147

4. EXAM C O R N E R .................................................................................................................149-190



NC Y C L O P A E D I  A OF E N T O M O L O G Y - 5

M. PRAKASH



Contents

Chapter l 1 -1 '

INTRODUCTION
Soil Insects, Soil as a Habitat for Insects, Litter Insects, Soil Insects, 
Cave Insects, Aquatic Insects, Marine Insects, Extent of Freshwater 
Habitats, Insect Scavengers, Evolution of Insects in Soil and Water, 
Evolution of Scavenger

Chapter 2 18-53

ENVIRONMENTAL FACTORS
Temperature, Effect on Developmental Rate, Effects on Migration 
and Dispersal, Effect on Emergence, Survival at Extreme 
Temperatures, Effect on Low Temperature, Light, Circadian 
Rhythms, Photoperiodic Effect, Rate of Development, Reproductive 
Capacity, Diapause, Occurrence of Diapause, Induction and 
Termination, Water, Terrestrial Insects, Aquatic Insects, Wind, 
Migration, Concluding Remarks

Chapter 3 54-83

BIOTIC FACTORS
Food, Quantitative Aspects Between Insects and Plants, Interaction 
Between Insects and Othr Animals, Intraspecific Interactions, 
Underpopulation, Overpopulation, Interspecific Interactions, 
Competition and Coexistence, Predator-Prey Relationships, Insect 
Diseases, Epizootics, Types of Pathogens, Concluding Remarks



Chapter 4 84-100

INTER-RELATIONSHIP

Symbiotic Relationships, Insects as Vectors of Disease, Inter- 
Relation with Viruses and Mycoplasmalike Disease Agents, Inter- 
Relation with Bacteria, Inter-Relation with Protozoa, Inter-Relation 
with Fungi, Inter-Relation with Helminths

Chapter 5 101-120

CARNIVOROUS INSECTS

Evolution of Entomophagy, Predaceous Insects, Strategies of Insect 
Predators, Parasitoid Insects, Parasite

Chapter 6 121-168

PLANT EATING INSECTS

Types o f Plant Feeding, Chewing Insects, Sucking Insects, Gall 
Insects, Host Plant Searching and Acceptance, Search for a Suitable 
Habitat, Settling, Food Plant Acceptance, Nutritional Factors, 
Artificial Diets, The Advantages of Polyphagy and Monophagy, 
Transmission of Plant Diseases, Phy to toxemias, Phytophagous 
Insects in the Paleozoicera, The Flower-Visiting Insects, Modem 
Phytophagous Insects, Host Specificity, Vectors, Bacterial 
Diseases, Fungus Diseases, Virus Diseases, Mycoplasmal Diseases

C hpaterl 169-198

LIVING IN GROUPS

The Workers, Life Cycle of the Honey Bee, Ant Workers, Forms 
of Social Life, Swarming, Slavery, neighbours, Guests and Thieves, 
Ant Harvesters, Farmers and Hunters, Comm-unication, Bee 
Language, Winter Swarming, Social Parasites, Termites Order 
Isoptera, Broader Relationships, Classif-ication

Chapter8 199-215

POPULATION OF INSECTS

The Objectives, Subject Species, The Time, The Place, Preliminary 
Studies and Hypotheses, Measurement of Variables, ‘Life-Table’ 
Studies, ‘Key-Factor’ Studeis, The Study of Ecological Processes, 
Modelling



INSECT POLLINATION

Insects and Flowering Plants, The Yucca Moth, Fig Insects, Flower 
Constancy, Pollination, Importance of Insect Pollination, Import­
ance to Insects, Importance to Plants, Importance to Humans, 
Pollinators, Hymenoptera, Honey Bees, Bumble Bees, Solitary 
Bees, Artificially Increasing Bee Populations, Increasing Honey 
Bee Populations, Increasing Bumble Bees Populations, Artificial 
Nests for Solitary Bees, Other Hymenoptera, Flowers Pollinated 
by Hymenoptera, Other Insect Pollinators, Lepidoptera, Diptera, 
Syrphidae, Bombyludae, Calliphoridae, Tephritidae, Tachinidae, 
Chironomidae and Tabanidae, Coleoptera, Other Animals as 
Pollinators, Wind Pollination

Chapter 10 245-262

THE PEST CONTROL

The Appreciation of Pest Situations, Reducing Pest Numbers

Chapter 11 263-282

PROTECTION

Morphological Resistance, Remote Factors, Close-range Factors, 
Chemical Defences, Nitrogen Compounds, Terpenoids, Phenolics, 
Proteinase Inhibitors, Host Specificity and Plant Defensive Systems, 
Insect Growth Regulators, The Evolution of Chemical Defenses, 
Chemical Defenses in Relation to Stress, Geographic Variation in 
Plant Chemistry, Nutritional Effects, Escape in Time and Space, 
Attraction of Natural Enemies, Entomophagous Plants

Chapter 12 283-303

INSECTS AND VERTEBRATES

Insect Predators of Vertebrates, Insect Parasites of Vertebrates, 
Parasites and their Characteristics, Crawling, Ectoparasites, 
Myiasis-producing Diptera, Evolution of Insect Parasites, Predation 
by Insectivorous Vertebrates, Palatable Insects, Industrial 
Melanism, Unpalatable Insects, Mimicry

Chapter 13 304-345

INSECTS AND MAN

Chpater 9 216-244

Beneficial Insects, Insects of Commerciall Importance, Insects as



Pollinators, Insects o f Biological Control, Insects as Food, 
Scavenging Insects, Other Benefits of Insects, Pest Insects, Insects 
Affecting Man Directly, Pests of Domest-icated Animals, Pests of 
Cultivated Plants, Insect Pests o f Stored Products, Pest Control, 
Legal Control or Regulatory Control, Chemical Control, Biological 
Control, Genetic Control, Cultural Control, Integrated Control

INDEX 346-356



Sandhya Agrawal

Insect Pests of Cereals
and

Their Management



Contents

Preface v

1. Insect Pests of Rice 1

2. Insects Pests of Wheat ' 37

3. Insect Pests of Sorghum and their
Management 61

4. Barley Pests and their Control 77

5. Insects Pests of Oats 113

6. Local Dispersal and Migration of
Insects Pests 119

7. Plant Resistance to Insects 139

8. Use of Insecticides 157

9. Characteristics of Herbicides 190

10. Biological Control of Insect Pests 231

11. Botanical Insecticides 258

12. Cultural Control of Insect Pests 272

13. Sterile Insect Release Method 283

14. Integrated Pest Management 295

Bibliography 307

Index 310



JAIN



Contents
Chapter Pages

C h a p te r  1. Basics of Mechanical Engineering Design 1-12
1.1. Introduction ... 1
1.2. Engineering and Attributes of an Engineer ... 2
1.3. Ideonomics 3

1.3.1. Method of Accumulating Ideas ... 3
.1:4 Needs—The Starting Point ... 5

1.4.1. Variety of Needs 5
1.4.2. Analysis of Statements of Need ... 5
1.4.3. Needs Analysis ... 6

1.5. Role of Information in Design Process ... 6
1.6. Description ■■■ 8
1.7. Fundamental Rules of Machine Design ... 9
1.8. Considerations in Design ... 9
1.9. Some Useful Thoughts in Design ... 10

C h a p te r  2. Procedures in Mechanical Engineering Design 13-38
2.1. Characteristics 9f  Good Design ... 13
2.2. Design Process ... 13
2.3. Relation of a Designer with Other Disciplines ... 16
2.4. Classification of Design Work . .. 16
2.5. Qualities Required in a Designer ... 16
2.6. Design Procedure ... 17
2.7. Standardisation ... 22
2.8. Evolution of Preferred Numbers ... 22
2.9. Engineering Design Process ... 24
2.10. Mechanical Engineering Design-Dynamic Profession ... 25
2.11. Fundamental Steps involved in the Design of a Machine ... 25
2.12. System Design. ■■■ 26
2.13. Design by Evolution ... 27
2.14. Design by Innovation ... 28
2.15. Designing by Creative Design Routes ... 30
2.16. Specification ... 31
2.17. Analysis of Need vis-a-vis Specifications ... 32
2.18. Standards of Performance ... 33
2.19. Technical Specification ... 34
2.20. Standard Specifications ... 35
2.21. Creating the Shape of Machine Parts ... 35
2.22. Design and Analysis- *•* 36



Chapters
( x )

Pages
C ha p te r 3. Structure and Morphology of Design 39-71

3.1. Introduction 39
3.2. Phases involved in Design Project 41
3.3. Identification 43
3.4. Needs Analysis 45
3.5. Care Needed in Reporting the Design 46
3.6. Resources and Environmental Factors 47
3.7. Morphological Analysis 48
•3.8. Synectics 50
3.9. Qualifying Design Concept 50
3.10. Concurrent Engineering 51
3.11. Creativity and Creative Designers 53
3.12. Adequate Design and Optimum Design 54
3.13. Robust Design 54
3.14. Taguchi Method 55
3.15. Probabilistic Design 56
3.16. Economics 58
3.17. Optimisation Techniques 60
3.18. Selection of Factor of Safety 62
3.19. Reliability specification vs. Design Safety Factor 63
3.20. Ethics in Design and Engineering 65
3.21. Codes and Standards 69
3.22. Certification, Registration, Accreditation 69
3.23. The Legal Constraints 69
3.24. Product Liability 70

C h apter 4. Engineering Materials and Selection of Materials 72-125
4.1. Introduction 72
4.2. Factors Determining the Choice of Material 72
4.3. Properties and Testing of Materials 73
4.4. Cast Iron 74

4.4.1. Production of different Grades of Cast Iron and their 
Physical Properties 75

4.4.2. Heat Treatment of Cast Irons 77
4.4.3. Important Properties of Cast Iron 77

4.5. Steel 78
4.5.1. Classification of Steels 78
4.5.2. Uses of Carbon Steel with Respect to their Carbon Content 79
4.5.3. Alloy Steels 80
4.5.4. Effect of Alloying Elements on the Properties of Steel 81
4.5.5. Table Showing Uses of Various Nickel Chromium Low Alloy-Steels 83
4.5.6. Stainlpss Steels ' 1 , , 83
4.5.7. Table Showing the Influence of Addition of Metals in Iron for 

the Formation of Alloy Steels on Their Properties and the Use 
of Resultant Alloy Steels. 84

4.6. Market Forms of Supply of Pig Iron and Carbon Steel 84
4.7. Market Forms of Supply of Special Steel and Alloy Steels 85

Ol 
01 

on

( xi )

Chapters

4 .8 . Indian Standard (IS) Code for Designation of Steel
4.9. American Iron and Steel Institute (A.I.S.I.) Method 

of Classification of Steels
4.10. Society of Automotive Engineers (SAE) Method of Coding Steels
4.11. Steel as per BIS

4.11.1. Steels Specified by Tensile Properties
4.11.2. Carbon Steels Specified with Chemical Compositions
4 .1 1 .3 . Carbon and Carbon Manganese Free Cutting Steels
4.11.4. Low Alloy Steels
4.11.5. High Alloys Steels-Stainless and Heat Resisting Steels
4.11.6. Carbon and Alloy Tool Steels

4.12. Heat Treatment
4.12.1. Annealing
4.12.2. Spheroidising
4.12.3. Normalising
4.12.4. Hardening
4.12.5. Tempering
4.12.6. Austempering of Steels
4.12.7. Mar-tempering
4.12.8. Case Hardening
4.12.9. Various Processes of Case Hardening

4.13. Copper
4.14. Lead
4.15. Aluminium
4.16. Nickel
4.17. Zinc
4.18. Tin
4.19. Molybdenum
4.20. Alloys of Copper
4.21. Alloys of Nickel
4.22. Bearing Metal

C h a p te r  5. Manufacturing Considerations in Design
5 .1 . Designing for Manufacture & Assembly
5.2. Recyclability of Materials
5.3. Designing for Basic Process
5.4. Designing for Casting
5.5. Designing a Part for Easier Machining
5.6. Designing for Heat Treating
5.7. Designing for Steel Casting
5.8. Designing for Die Casting
5.9. Designing for Forging
5.10. Designing for Welding
5.11. Designing for Environment (DEE)
5.12. Economics in Design
5.13. Safety Standards
5.14. Organising for Incorporation of Alteration

Pages

86

90
90
91
91
92
94
95 
98

100
105
105
106 
106 
107
107
108 
108 
108 
109 
112 
113 
113
113
114 
114 
114 
114 
117

... . 119

126-181
126
127
127
128
131
132 
134
134
135 
135
135
136
137 
137



C71
 

CJ1
 

C7
1

5.15. Alter-Technic Procedure 137
5.16. Aesthetics ■■■ 138
5.17. Ergonomics and Human Factors of Design . .. 140
5.18. Noise ■■■ 148
5.19. Human Errorju__ 149

.20. Methods to Prevent Human Errors ... 149

.21. Human-Reliability Analysis Method ... 150

.22. Human Factors in Maintenance and Maintainability ... 150
5.23. Human Factors in Design ... 150
5.24. Safety 151
5.25. Thermal Comfort ••• 151
5.26. Lighting ■■■ 151
5.27. Standardisation ... 152
5.28. Practical Tips for Problems Encountered in Design ... 152

5.28.1. Clamping Devices ■■■ 152
5.28.2. Friction Clamping Devices ... 153
5.28.3. Latching Devices ■■■ 153
5.28.4. Provision for Locking Shaft ... 154
5.28.5. Permitting Shaft to have Axial Movement ... 154
5.28.6. Clamping Uneven Workpieces ... 154
5.28.7. Securing Handle to Shaft ... 155
5.28.8. Prevention of Reverse Rotation ... 155
5.28.9. Prevention of Backlash ... 157
5.28.10. Protecting Light Duty Drives Against High Torque ... 157
5.28.11. Use of Metallic Bellows for Sealing Shafts,

Expansion Joints, Couplings etc. ... 158
5.29. Tackling Corrosion ... 158
5.30. Improvements in Design of Mechanical Parts ... 159
5.31. Variable Speed Mechanical Drives ... 161

5.31.1. Cone Drives ... 161
5.31.2. Disc Drives 161
5.31.3. Ring Drives ... 162
5.31.4. Spherical Drives ... 162
5.31.5.. Multiple Disc Drives ... 162
5.31.6. Impulse Drives ... 162

5.32. Positive Infintely Variable (PIV) Drive ... 163
5.33. Geneva Mechanisms 163
5.34. Long Dwell Mechanisms 164
5.35. Limits, Fits and Surface Finish ... 168
5.36. Indian Standard (IS 919) 169
5.37. Types of Tolerances ■■■ 172
5.38. Geometrical Tolerances 173
5.39. Interchangeable Manufacture and Selective Assembly ... 173
5.40. Types of Fits 174
5.41. Surface Finish ... 174
5.42. Surface Roughness 176
5.43. Statements of Surface Roughness ... 179

( xii )

Chapters Pages

( xiii )

C h a p te r  6. Stress and Strain Analysis 182-247
6.1. International System of Units (SI) ... 182
6.2. Simple Stresses and Strains ... 185
6.3. Bars of Composite Section 187
6.4. Stresses Due to Change of Temperature ... 191
6.5. Poisson’s Ratio 194
6 .6 . Relation between E, G and K ... 195
6.7. Force, Work, Torque and Energy 195
6 .8 . Direct and Bending Stresses ... 197

6 .8 .1 . Eccentric Loading - 197
6 .8 .2 . Wind Pressure 198

6.9. Impact and Shock-Loading 205
6.9.1: Stress Produced in case of Gradual, Sudden,

Impact and Shock Loading ... 206
6 .1 0 . Principal Planes and Principal Stresses ... 209

6 .1 0 .1 . Principal Planes 209
6 .1 0 .2 . PrincipalStresses 209
6.10.3. Principal Planes and Principal Stresses ... 210
6.10.4. Procedure to Determine Principal Stresses ... 213

6 .1 1 . Torsion of Shaft 215
6.12. Bending of Beams 217
6.13. Stresses in Rotating Bodies 229
6.14. Struts and Columns 230
6.15. Buckling 23 9
6.16. Press/Shrink Fits 241
6.17. Contact Stress 241
6.18. Preloading and Residual Stresses 241
6.19. Framed structures and Design of Members ... 242

C h a p te r  7. Failure Analysis 248-282
7.1. Introduction 248
7.2. Stress-Strain Diagram 248
7.3. Types of Loads 249
7.4. Endurance Limit of Materials 250

7 .4 .1 . Determination of Endurance Limit of Ductile Materials ... 251
7.4.2. Graphical Determination of the Endurance Limit - ... 252

7.5. Stress Concentration 258
7.5.1. Notch Sensitivity 262
7.5.2. Reduction of Stress Concentration ... 263

7.6. Factor of Safety 263
7.7. Types of Failure 266
7.8. Theories of Failure 266
7.9. Failure Criteria 270

7.9.1. Failure Analysis and Hazards Analysis ... 270
7.9.2. Brittle Fracture 272
7.9.3. Linear Damage Rule 272

Chapters Pages



( xiv )

Chapters Pages
7.10. Fracture Mechanics 274

7.10.1. Fracture Mechanics and Fracture Control 274
7.11. State of Stress in a Component Having Crack 275

7.11.1. Prediction of Strength of Cracked Parts 275
7.12. Factors Affecting Fatigue Response 276

- 7.12.1. Fracture Mechanics Approach to Fatigue 277
7.13. Wear 279

7.13.1. Wear Control Methods 280
7.13.2. ' Fretting Failure 280
7.13.3. Stress Corrosion Cracking 280

C h a p te r  8. Reliability & Quality 283-322
8.1. System Reliability 283
8.2. Probability, and Its Application to Series and Parallel

Reliability (Redundancy) 283
8.3. Reliability Analysis 284
8.4. Reliability Analysis of Systems 285
8.5. System Reliability for Series and Parallel Configuration 

8.5.1. Reliability of system in which r out of n components
287

should function properly 287
8.6. Optimum Reliability 293
8.7. Reliability Allocation 294
8.8. Repairable System Allocation Method 294
8.9. Reliability Analysis Techniques 295
8.10. Probability Evaluation 295
8.11. Fault Diagnostics and Trouble Shooting 300
8.12. System Maintenance 300
8.13. Trouble Shooting System 301
8.14. Trouble Shooting Aids 303
8.15. Maintainability 303
8.16. Reliability 305
8.17, International Standards on Quality Management System

(ISO 9001-2000) 314
8.18. Principles upon which ISO-9001: 2000 is based 314
8.19. Implementing an ISO 9001: 2000 315
8.20. Quality System Documentation 316
8.21. Preparation of Quality Manual 316
8.22. Preparation of Quality Plans 317
8.23. Internal Audit 318

C h apter 9. Seals & Fasteners 323-336
9.1. Introduction 323
9.2. Mechanical Shaft Seals 323

9.2.1. Fundamental Principles of Mechanical End Face Seals .323
9.3. Dynamic Shaft Seals 327
9.4. . Split-ring Seals 327
9.5. Labyrinth Seals 328

( xv )
Chapters Pages

9.6. Compression Packings
9.7. Moulded Packings
9.8. Gaskets
9.9. Fasteners

9.9.1. Threaded Fasteners
9.9.2. Bolts, Screws and Studs
9.9.3. Tapping Screws
9.9.4. Set Screws
9.9.5. Studs
9.9.6. Nuts and Inserts
9.9.7. Materials

9.10. Non-threaded Fasteners
9.10.1. Rivets
9.10.2. Washers
9.10.3. Pins
9.10.4. Special Purpose Fasteners

C h a p te r  10. Riveted Joints
1 0 .1 . Introduction
1 0 .2 . Forms of Riveted Joints
10.3. Failure of Riveted Joint
10.4. Design of Riveted Joint
10.5. Design of Riveted Joint as per I.B.R. (Indian Boiler Regulations)
10.6. Efficiency of a Riveted Joint

C h a p te r  11. Welded Joints
l i . i .

11.2 .

11.3.

11.4.
11.5.
11 .6 .

Introduction
Advantages of Welded Joints 
Types of Welded Joints
11 .3 .1 . Standard Symbols for Welded Joints
11.3.2. Supplementary Weld Symbols
11.3.3. Standard Elements and their Location on a Welding Symbol 
Design of Welded Joints
Welded Joints of Unsymmetrical Sections Subjected to Axial Loads
Eccentrically Loaded Welds
11.6.1. A General Case of Eccentric Loading

C h a p te r  12. Bolted Joints and Brackets
12.1. Introduction
12.2. Screw Thread Terminology
12.3. ISO Metric Threads

12.3.1. Basic Profile
12.4. Diameter and Pitch Combinations
12.5. Design Profile <Jt
12.6. Tolerancing System

329
329
330 
330 
330
330
331
332 
332
332
333
334
334
335
336
336

337—382
337 
339
342
343
345
346

383—408
383
384 
384 
386
386
387 
387
392
393
394

409—467
409
410 
412
412
413
414 
416



( xvi)

12.7. Screwed Fasteners ... 419
12.7.1. Bolts ... 419
12.7.2. Nuts ... 421
12.7.3. Studs 423
12.7.4. Screws ... 42 4
12.7.5. Holding Power of Set-screws ... 425
12.7.6. Washers 425
12.7.7. Design of a Nut ... 426

1 2 .8 . Locking Devices 426
12.9. Design bf Bolted Joints 429

12.9.1. Bolts Subjected to Steady Loads ... 429
12.9.2. Effect of Dynamic Loading ... 432

1 2 .1 0 . Bolts of Uniform Strength 433
1 2 .1 1 . Design Stress 4 3 4
1 2 .1 2 . Brackets 446
12.13. Eccentrically Loaded Bolted Connections ... 44 9

C h a p te r  13. Power Screws 468-499
13.1. Introduction 4 0 g
13.2. Threads 1 40g

_ 13.3. Efficiency of Square-Threaded Screws ... 45 9
13.4. Self Locking Screws , 471
13.5. Coefficient of Friction j 472
13.6. Collar Friction 472
13.7. Differential Screws 473
13.8- Procedure for Design of Power Screws and Screw Jacks ... 475

C h a p te r  14. Pipe Joints 500-522
14.1. Introduction 500
14.2. Design of Pipe 500
14.3. Pipe Joints and Fitting v 502
14.4. Bell and Spigot Joints 502
14.5. Welded Joints 503
14.6. Soldered Fittings 504
14.7. Screwed Connections 505
14.8. Compression Fittings 506
14.9. Pipe Connectors 509
14.10. Flanges 511
14.11. Expansion Joints 513
14.12. Hydraulic Pipe Joints for High Pressures ... 514

C h a p te r  15. Pins, Rings, Knuckle Joints and Cotter Joints 523-548
15.1. __ Pins ... 523
15.2, Hooke’s Joint or Universal Coupling ... 525
15.3 . Retaining Rings (Snap Rings) . . . .  526
15.4 Joint of Suspension Link ... 527
15.5 Knuckle Joint 528

Chapters Pages
( xvii )

15.6. Cotter Joints ggg
15.7. Design of Strap End Form of a Connecting Rod 5 3 9

15.8. Cotters for Foundation Bolts 540
15.9. Friction Joints g^g
15.10. Turn Buckles g^g

C h a p te r  1 6 . Handwheels and Handles 549-557
16.1. Machine Handwheels g^g
16.2. Handles g^g
16.3. Hand Lever gg^
16.4. Foot Lever ggg
16.5. Cranked Lever for Hand Operated Hoisting Winch 5 5 3

C h a p te r  1 7 .  Levers 5 5 8 - 5 7 5

17.1. Introduction g5g
17.2. Design of Levers g g „

C h a p te r  1 8 . C-Clamps and Machine Members 5 7 6 - 5 9 6

18.1. Introduction g^g
18.2. Machine Frames g^g
18.3. Columns and Struts ggo

18.3.1. Empirical Formulae for Columns 590
18.3.2. Rankine’s Formula ggQ
18.3.3. Gordon’s Formula ggj
18.3.4. Tetmajer’s Formula gg2
18.3.5. Johnson’s Formula gg2

18.4. Eccentrically Loaded Columns 593

C h a p te r  1 9 . Springs 5 9 7 - 6 6 5

19.1 Introduction gg^
19.2. Commonly used Terms in Springs ' ggg
19.3. Helical Springs gQQ

19.3.1. Stress Analysis gQQ
19.3.2. Deflection Analysis gQ2
19.3.3. Significance of Spring Index gQ4
19.3.4. Solid Length, Free Length and Active Number of Turns 604
19.3.5. Materials gQg
19.3.6. Materials and Deflection in Springs 607
19.3.7. Solid Stress g^^
19.3.8. Eccentric Loading and Buckling of Springs 608
19.3.9. Helical Tension Springs v•, 609
19.3.10. Design Procedure for Helical Springs 610
19.3.11. Springs in Combination
19.3.12. Surgein Spring g^g
19.3.13. Spring Fatigue Failure , g14
19.3.14. Springs Subjected to Variable Loads 616

Chapters pageg



( xviii)

19.4. Flat or Leaf Springs
19.4.1. Equations for Leaf Springs
19.4.2. Equalised Stress in Spring Leaves

19.5. Coned Disc Springs (Belleville springs)
19.6. Conical and Volute Springs
19.7. Torsional Helical Springs
19.8. Flat Spiral Torsion Springs
19.9. Wave-washer Springs
19.10. Non-metallic Springs
19.11. Some Important Design Hints

C h a p te r  20. Shafts

Chapters

20.1.
2 0 . 2 .

20.3.
20.4.
20.5.
20 . 6 .

20.7.
20 . 8 .

Introduction
Materials
Design Considerations
Determination of Shaft Sizes on the Basis of Strength
Shaft Sizing Based on Stiffness
Standard Size of Shaftings
Effect of Keyways
Critical Speed of Shafts

A ,
C h a p te r  21. Keys and Keyways

21 . 1 .

21 .2 .

21.3.
21.4.

Introduction 
Classification of Keys
21.2.1. Prestressed Keys
21.2.2. Non-prestressed Keys
21.2.3. Heavy-duty Keys 
Stress Concentration 
Splines
21.4.1. Introduction
21.4.2. Classification of Splines
21.4.3. Stresses

C h a p te r  22. Flywheels
22.1. Introduction
22.2. Turning Moment Diagram
22.3. Maximum Fluctuation of Energy
22.4. Design of Flywheels

C h a p te r  23. Couplings
"2 3.1. Introduction
23.2. - Rigid Couplings

23.2.1". Sleeve or Collar Coupling
23.2.2. Flange Compression Couplings
23.2.3. Clamp-type Couplings
23.2.4. Flange Coupling

637 
639 
641 
649
652
653
654 
658 
658

___ 659

666-701
666 
666 
666 
667
669
670 
670 
670

702-716
702 
702 
702 
707
709
710 
713
713
714
715

717-744
717
717
718 
721

745-766
745
746 
746 
748 
748 
750

Pages
( xix )

23.3. Flexible Couplings 753
23.3.1. Flexible Couplings Employing Rigid Members ... 753
23.3.2. Flexible Couplings with Resilient Parts 755

23.4. Slip Coupling 752

C h a p te r  24. Clutches 767-801
24.1. Introduction 707
24.2. Rigid Body Clutches ' 757
24.3. Friction Clutches 7gg

24.3.1. Plate Clutch 7 gg
24.3.2. Uniform Wear Clutches 779
24.3.3. Multidisc Clutches 7 7 ^
24.3.4. Correction for Variation of \i with r 771
24.3.5. Friction Materials and Friction 772
24.3.6. Cone Clutches 774
24.3.7. Thermal Problems in Clutch Design 775

24.4. Centrifugal Clutches 77g
24.5. Electromagnetic Friction Clutches 770
24.6. Eddy-current Clutches 770
24.7. Slip Clutches 777
24.8. Magnetic Particle Clutches 777

C h a p te r  25. Brakes 802-841
25.1. Introduction gQ2
25.2. Friction Materials 30 4
25.3. Band Brakes ggg
25.4. Differential Band Brake ggg
25.5. Band and Block Brake 397
25.6. Block Brakes ggg
25.7. Self-energising and Self-locking Brakes ... g u
25.8. Automotive Shoe Brakes g n

C h a p te r  26. Ball and Roller Bearings 842-869
26.1. Introduction g42

26.2. Construction and Classification of Ball Bearings ... 843
26.3. Types of Roller Bearings g4 g
26.4. Bearing Series g47
26.5. Bearing Life g4 g
26.6. Static Load Capacity g4 g
26.7. Methods of Evaluating Static Load Ratings of Rolling (Ball and Roller)

Bearings g49

26.8. Equations for Calculating Basic Static Load Rating (Co) (N) ... 849
26.9. Equations for Calculating Static Equivalent Load (P0 ) ... 850
26.10. Dynamic Load Capacity .* gg^
26.11. Equivalent Dynamic Load g5 i

Chapters Pages



( XX )

-26.12.
26.13.
26.14.
26.15.

C h a p te r

27.1.
27.2.
27.3.
27.4.

Chapters

27.5.
27.6.
27.8.
27.9.
27.10
27.11

27.12.
27.13.
27.14.
27.15.
27.16.
27.17.
27.18.

C h a p te r

28.1.
28.2.
28.3.

28.4.
28.5.
28.6.
28.7.
28.8. 
28.9. 
28.10 
28.11 
28.12

Basic Dynamic Load Rating C
Selection of Bearings from Tables
Selection of Bearings from Rating Tables of SKF
Installation and Maintenance of Rolling Bearings

27. Sleeve Bearings
Introduction 
Types of Bearings
Behaviour of a Journal in its Bearing
Load Carrying Capacity of Hydrodynamic Journal Bearings
27.4.1. Bearing Modulus
27.4.2. Coefficient of Friction
27.4.3. Friction Torque
Oil Flow and Temperature Rise 
Bearing Materials
Procedure for Design of Sleeve Bearings 
Boundary Lubrication 
Oil-less Bearing 
Hydrostatic Bearings
27.11.1. Application of Hhydrostatic Bearings
27.11.2. Performance of Hydrostatic Bearings 
Hydrodynamic Gas Bearings
Design of Sleeve Bearings 
Solid Journal Bearings 
Split Bearing : Plummer Block 
Design of Bearing Caps and Bolts 
Foot Step or Pivot Bearings 
Collar Bearings

28. Belting
Introduction
Angle of Contact and Length of Belts 
Design of Belts
28.3.1. Belt Joints and Fasteners j
28.3.2. Belt Speed
28.3.3. Coefficient of Friction Between Belt and Pulley
28.3.4. Condition for the Transmission of Maximum Power
28.3.5. Belt Tension 
Belt Fatigue
Action of Belt on Pulley 
Flat Belt Materials 
Power Ratings of Flat Belts 
Pivoted Motor Bases 
Pulleys 
V-Belts 
V-Belt Design 
Toothed Belts

851
852
852
853

870-904
870 
870 
870 
874 
879 
879 
882
883
884 
886 
887 
889 
889
889
890
890
891 
900
900
901
901
902

905-955
905
907
908 
912 
912 
912
912
913
914
914
915
916
917
918 
921
923
924

Pages

( xxi )
Chapters Pages

28.13. Design of Flat Belts Using Manufacturers’ Tables
28.14. Design of V-belts using Manufacturer’s Data
28.15. Rope Drives with Grooved Pulleys

C h a p te r  29. Wire Ropes
29.1. Introduction
29.2. Construction
29.3. Designation
29.4. Stresses in Wire Rope
29.5. Accessories
29.6. Passenger Lift

C h a p te r  30rChain Drives
30.1. Introduction
30.2. Chordal Action in Chains
30.3. Construction of Chains
30.4. Designation of Chains
30.5. Selection and Design of Chains

30.5.1. Recommended Teeth on Sprocket
30.5.2. Chain Velocity and Drive Ratio
30.5.3. Length of chain and centre distance
30.5.4. Failure of the Chain Drives 
30.5.6. Power Transmitted by Chains

C h a p te r  31. Spur, Helical, Bevel and Worm Gears
31.1. Introduction
31.2. Involute Curve
31.3. Terminology of Gear Tooth
31.4. Interference in Gears
31.5. Gear Materials
31.6. Source of Errors in Manufacturing Gears

31.6.1. Gearing Operation Requirements
31.6.2. Kinematic Accuracy
31.6.3. Smoothness of Gear Operation
31.6.4. Tooth Bearing Contact
31.6.5. Accuracy of Gears for Various Applications

31.7. Design of Gears
31.7.1. Permissible Working Stress
31.7.2. Velocity Factor
31.7.3. Service Factor
31.7.4. Dynamic Loads on Gear Teeth
31.1.5. Stress Concentration
31.7.6. Design of Spur Gears for Wear

31.8. Design Procedure for Gears
31.8.1. Design of Gears Cortsidering Hardness
31.8.2. Wear Resistance of Gear Teeth

31.9. AGMA Bending Equation

924
926
950

956-972
956
956
957 
959
962
963

973-985
973
974
974
975
976
977
978
978
979
980

986-1081
986
987
988 
992 
992 
995
995
996
997
997
998 
998

. . .  1000 
1001 
1002 

... 1005

... 1007

... 1007

... 1016 
1016 

J.. 1020
... 1021



( xxii )
Chapters

31.10
31.11.
31.12.
31.13.

31.14.

31.15.
31.16.

31.17

Gear Wheel Design 
Internal Gears
Approximate Method for Design of Spur Gears
Method of Calculating the Rating of Machine Cut Spur and Helical Gears

31.13.1. Formulae 
Gear Boxes

31.14.1. Components of Gear Box
31.14.2. Guidelines for Designing Gear Box 

Helical Gears
Bevel Gears

31.16.1. Strength of Bevel Gears
31.16.2. Dynamic and Wear Loads

, 31.16.3. Bearing Loads on Bevel Gears 
Worm Gears

31.17.1. Design of Worm Gearing
31.17.2. Strength of Teeth
31.17.3. Bearing Forces

C h a p te r  32. Cams

1022
1024
1028,
1029
1030
1031
1032 
1032 
1036 
1044
1047
1048 
1048 
1054
1057
1058
1059

Pages

1082-1113
32.1. Introduction
32.2. Classification of Cams
32.3. Followers
32.4. Empirical Design
32.5. Definitions
32.6. Motion of the Follower
32.7. Study of Basic Curves for Dwell-Rise-Dwell Cams
32.8. Determination of Cam Size
32.9. Cam Profile Layout

32.9.1. To draw the profile of the Cam when the line of stroke of the
follower passes through the centre of the Cam shaft for the given 
displacement diagram with knife edge follower.
To draw the profile of the Cam when the line o f stroke of the 
follower is offset for the given displacement diagram 
with knife edge follower.
Disc Cam with Reciprocating Flat-face Follower 
Cam Layout with Pressure Angle Held within Practical Limits

32.9.2.

32.9.3.
32.9.4.

1082
1082
1085
1086 
1087 
1089 
1095
1097
1098

[1099

1100
1102
1103

C h a p te r  3 3 .  Electric Motors and their Selection
33.1.
33.2.'
33.3.
33.4.
33.5.

33.6.

Types of Electric Motors and Their Characteristics 
Series Wound D.C. Motors 
Shunt-Wound D.C. Motors 
Compound-Wound D.C. Motors 
Induction Motors
33.5.1. Squirrel Cage Induction Motors
33.5.2. Wound Rotor Induction Motors
33.5.3. High Frequency Induction Motors 
Synchronous Motors

1114-1125
1114
1114
1115 
1115 
1115
1115
1116 
1117 
1117

( xxiii )

33.7. Single Phase A.C. Motors ... 1117
33.8. Terminology ... 1119
33.9. Factors Affecting Selection of Motors ... 1119

C h a p te r  34. Vibrations and their Isolation 1126-1131
34.1. Introduction ' ... 1125
34.2. Vibration Prevention ... 1126

34.2.1. Removal of Exciting Cause ... 1126
34.2.2. Elimination Through Tuning ... 1126

34.3. Isolation Efficiency ... 1127
34.4. Vibration Reduction by Isolation ... 1128
34.5. Steel Spring Mountings ... 1128
34.6. Vibration Damping ... 1129
34.7. Damped Spring Mountings ... 1129
34.8. Elastic Suspension Materials ... 1130

C h a p te r  35. Internal Combustion Engines 1132-1137
35.1. Introduction ... 1132
35.2. Engine Design ... 1136
35.3. Similar Engines ... 1137

C h a p te r  36. Cylinder and Cylinder Head 1138-1142

C h a p te r  37. Pistons 1143-1166
37.1. Introduction ... 1143
37.2. Thickness of Piston Head ... 1143
37.3. Piston Rings .. 1144
37.4. Piston Skirt ... 1145

C h a p te r  38. Connecting Rods 1154-1167

C h a p te r  39. Crank Shafts 1168-1183
39.1. Introduction ... 1168

C h a p te r  40. Pressure Vessels 1184-1200
40.1. Introduction ... 1184
40.2. Classification of Pressure Vessels ... 1184
40.3. Design of Pressure Vessels ... 1185
40.4. Thin Pressure Vessels ... 1185
40.5. Design of Thick Cylinders ... 1187
40.6. Compound Cylinder (Shrink-fit in Built-up Cylinder) ... 1188
40.7. Cylinder Heads (Ends of Pressure Vessels) ... 1189

Chapters Pages



C h a p te r  41. Steam Stop Valve 

C h a p te r  42. Design Project
42.1. Design o f Mechanical Rope Drum Type of Hoist

C h a p te r  43. Building Design
43.1.

( xxiv )
Chapters

43.1.2.'
43.1.3.
43.1.4.
43.1.5.
43.1.6.
43.1.7.
43.1.8.

43.2.
43.3.
43.4.
43.5.
43.6.
43.7.
43.8.
43.9.
43.10.

Requirements of a Building
43.1 .1 . Shelter from External Climate 

Fire Resistance 
Sound Insulation 
Load Bearing Capacity 
Excavation 
F oundation 
Quality
Building Mycology 

Structural Systems 
Building Structures 
Planning in Construction 
Cost Control in Construction Projects 
Responsibilities of Architect 
Defects in Buildings 
Test Programmes in Construction Work 
Quality Management in Building Construction Work 
Glossary for Building Design

Questions for Interviews in Machine Design

Tables
Table 1 : 
Table 2 : 
Table 3 : 
Table 4 : 
Table 5 :

Table 6 : 
Table 7 : 
Table 8 : 
Table 9 : 
Table 10 
Table 11 
Table 12

Table 13 :

Table 14 : 
Table 15 :

Metric—SI Conversion Table 
Sheet and Wire Gauge
Preferred Numbers of the Basic Series (rounded off)
Preferred Sizes for Wrought Metal Products
Conversion of Hardness Numbers and Their Correlation with 
Tensile Strength
Interpretation of Indian Standard Designation of Steel and Aluminium
Mechanical Properties o f High Tensile Cast Steel
Properties of Mild Steel
Carbon Constructional Steels
Carbon Steels : Properties
Alloy Steels : Properties (IS : 1570)
Some Important Indian Standard Specifications with 
Similar Foreign Specifications
Indian Standard Steels and Their Nearest Equivalents of 
Other Counters
Rolled Steel Equal Angles Dimensions and Properties 
Rolled Steel Beams Dimensions and Properties

Pages

1201-1211

1212-1244
... 1237

1245-1253
1245 
1245 
1245
1245
1246 
1246
1246
1247 
1247 
1247
1247
1248
1249 
1249
1249
1250
1251
1252

1254-1302

1303-1354
... 1305
... 1306
... 1306
... 1307

1308 
1310
1312
1313
1315
1316 
1319

1323

1325
1327
1328

( xxv )
Chapters Pages

Table 16 : Rolled Steel Bars Dimensions and Properties ... 1330
Table 17 : Rolled Steels BARS—Dimensions and Properties ... 1331
Table 18 : Dimensions for Cylindrical Pins ... 1333
Table 19 : Dimensions of Parallel Keys and Keyways ... 1334
Table 20 : Gib-Head Keys and Keyways ... 1335
Table 21 : Taper Keys and Keyways ... 1337
Table 22 : Parallel Keys and Keyways for Machine Tools ... 1339
Table 23 : Threads for Bolts and Nuts-Nuts ... 1340
Table 24 : Standard Pipe Threads ... 1341
Table 25 : Dimensions for Oil Seals ... 1342
Table 26 : Dimensions for Chamfer on the Shaft for Mounting the Seals ... 1344
Table 27 : O-Rings for Sealing Moving Parts ... 1345
Table 28 : Mass and Breaking Strengths of Steel Wire Ropes for

Haulage Purposes in Mines ... 1346
Table 29 : Mass and Breaking Load of Steel Wire Ropes for

General Engineering Purposes (Fibre Core) ... 1347
Table 30 : Weights and Breaking Strengths of Ropes 6 x 19 Group ... 1348
Table 31 : Wire Rope Data ... 1348
Table 32 : Factor of Safety of Wire Ropes Based on Ultimate Strength ... 1348
Table 33 : Design Data for Sliding Bearings ... 1349
Table 34 : Dimensions for Typical Single-Row Radial Ball Bearings

and Basic Load Capacity C for a Rating Life of 106 Cycles ... 1350
Table 35 : Foot Mounted Motors, 3 Phase (Class E insulation) ... 1352
Table 36 : Flange Mounted Motor, 3 Phase (Class E Insulation) ... 1353

References and Bibliograpy 1355-1356

Index 1357-1365



S. C. GUPTA 

VIKAS GUPTA 

SANJEEV KUMAR GUPTA



CONTENTS
CHAPTER CHAPTER HEADING PAGES SOLVED

PROBLEMS
ONE DESCRIPTIVE MEASURES

MEASURES OF CENTRAL TENDENCY, 
DISPERSION, SKEWNESS AND KURTOSIS

1.1—1-41 1.1—1.41

TWO PROBABILITY 21—2-76 21—2-96
THREE RANDOM VARIABLES AND 

DISTRIBUTION FUNCTIONS
31—3-61 3-1—3-67

V

FOUR MATHEMATICAL EXPECTATION 4-1—4-53 4-1—4-51
FIVE GENERATING FUNCTIONS

AND LAW OF LARGE NUMBERS
51—5-37 5-1—5-48

SEX DISCRETE PROBABILITY 
DISTRIBUTIONS

6-1—6-60 6-1—6-83

SEVEN CONTINUOUS PROBABILITY 
DISTRIBUTIONS

71—7111 71—7-130

EIGHT CORRELATION 8-1—8-55 8-1—8-64
NINE REGRESSION 9-1—9-26 9-1—9-26
TEN BIVARIATE NORMAL DISTRIBUTION 101—10-32 10-1—10-26
ELEVEN EXACT SAMPLING DISTRIBUTIONS- (I) 

(CHI-SQUARE DISTRIBUTION)
11-1—11-39 11-1—11-32

TWELVE EXACT SAMPLING DISTRIBUTIONS- (II) 
(t and F  DISTRIBUTIONS)

12-1—12-25 12-1-12-24

APPENDIX 1—NUMERICAL TABLES T.l—T14
APPENDIX 2-BIBLIOGRAPHY

(SUGGESTED FURTHER READINGS)
B.l—B.2

TOTAL NUMBER OF PROBLEMS 688



APPLIED ENTOMOLOGY-
Insects of Economic Importance

UK /K

I

Gursharan Singh 
K.B Srivastava 
G.S. Dhaliwal

KALYANI



CONTENTS
Ch.No. Chapter Pages

PART-1 : INTRODUCTION

1. ECONOMIC IMPORTANCE OF INSECTS

Beneficial Insects
Commercially Valuable Products
Insect Pollinations
Entomophagous Insects
Weed Killers
Soil Builders
Scavengers
Insects as Food
Educational and Scientific Value 
Human Therapy 
Source of Dyes 
Aesthetic Value 

Harmful Insects 
Plant Pests
Human and Animal Pests 

Conclusions

3-23

PART-II : AGRICULTURAL ENTOMOLOGY

2. PESTS OF CEREALS AND MILLETS

Rice
Maize
Sorghum
Wheat

3. PESTS OF SUGARCANE

4. PESTS OF PULSES

5. PESTS OF OILSEEDS

Groundnut
Mustard
Castor
Sesame

27-46

47-58

59-67

68-80



Ch.No. Chapter Pages

Linseed
Safflower
Sunflower

6. PESTS OF VEGETABLES 81-97

Solanaceous Vegetables 
Brinjal 
Potato
Sweet Potato 
Tomato 

Malvaceous Vegetables 
Okra

Cruciferous Vegetables
Cabbage, Cauliflower, Raddish Turnip and Carrot 

Cucurbitaceous Vegetables 
Lilliaceous Vegetables 

Onion and carlic 
Trapaceous Vegetables 

Water-nuts
7. PESTS OF FRUITS 98-129

Tropical and Sub-tropical Fruits 
Mango 
Citrus 
Grapevine 
Guava 
Banana 
Ber
Pomegranate 

Temperate Fruits

8. PESTS OF MUSHROOMS 130-134

9. PESTS OF FIBRE CROPS 135-152

Cotton
Jute
Sunnhemp
Mesta

10. PESTS OF PLANTATION CROPS 153-167

Coconut
Tea
Coffee
Cashewnut
Arecanut
Rubber



Ch.No. Chapter

11. PESTS OF SPICES

Cardamom
Large Cardamom
Chillies
Black Pepper
Turmeric
Ginger
Coriander
Cinnamon

12. PESTS OF ORNAMENTAL PLANTS

13. POLYPHAGOUS PESTS

Locusts
Grasshoppers
Termites
Hairy Caterpillars
Cutworms

14. NON-INSECT PESTS OF CROPS

Rodents 
Other Mammals 
Birds
Snails and Slugs 
Mites
Nematodes

15. PESTS OF STORED PRODUCTS

16. INSECT VECTORS OF PLANT DISEASES

Viruses
Phytoplasmas
Bacteria
Fungi
Management of Vectors and Diseases

PART-III : FOREST ENTOMOLOGY
17. PESTS OF FOREST TREES

Defoliators 
Sap-Suckers 
Borers 
Soil Insects
Management of Forest Insect Pests

Pages

168-175

176-181

182-195

196-213

214-227

228-238

241-247



Ch.No. Chapter Pages

PART-IV : HOUSEHOLD, VETERINARY 
AND MEDICAL ENTOMOLOGY

18. HOUSEHOLD PESTS

19. PESTS OF FARM ANIMALS

Blood-Sucking Flies 
Myiasis Flies 

Bot Flies 
Blow Flies 
Flesh Flies

Lice
Sucking Lice 
Biting Lice 

Fleas 
Arachnids 

Ticks 
Mites

20. PESTS OF PUBLIC HEALTH IMPORTANCE

Mosquitoes 
House Flies 
Sand Flies 
Eye Flies 
Lice
Bed Bugs 
Rat Flea

PART-V : INDUSTRIAL ENTOMOLOGY

21. APICULTURE

Honey Bees 
Beekeeping 
Bee Products 
Bee Poisoning 
Beekeeping in India
Beekeeping Research and Development

22. SERICULTURE

Silkworms
Mulberry Sericulture

251-258

259-274

275-288

291-311

312-325



Ch.No. Chapter Pages

Non-Mulberry Sericulture 
Sericulture in India
Sericulture Research and Development

23. LAC CULTURE

Lac Insect
Lac Cultivation
Lac Culture in India
Lac Research and Development

24. MASS PRODUCTION OF PARASITOIDS AND PREDATORS 

SELECTED BIBLIOGRAPHY

INDEX

326-334

335-345

346-348

349-359



The Analysis
An Introduction
S i x t h  E d i t i o n

1860 1880 1900

V\i'
1860 1880

Chris Chatfield
(r flP) CRC Press

J  Taylor Si Francis Croup 

A C H A P M A N  & HALL B O O K

Special Indian Edition



Contents

Preface to the Sixth Edition xi

Abbreviations and Notation xiii

1 Introduction 1
1.1 Some Representative Time Series 1
1.2 Terminology 5
1.3 Objectives of Time-Series Analysis 6
1.4 Approaches to Time-Series Analysis 8**
1.5 Review of Books on Time Series 8

2 Simple Descriptive Techniques 11
2.1 Types of Variation 11
2.2 Stationary Time Series 13
2.3 The Time Plot 13
2.4 Transformations 14
2.5 Analysing Series that Contain a Trend 15
2.6 Analysing Series that Contain Seasonal Variation 20
2.7 Autocorrelation and the Correlogram 22
2.8 Other Tests of Randomness 28
2.9 Handling Real Data 29

3 Some Time-Series Models 33
3.1 Stochastic Processes and Their Properties 33
3.2 Stationary Processes 34
3.3 Some Properties of the Autocorrelation Function 36
3.4 Some Useful Models 37
3.5 The Wold Decomposition Theorem 50

4 Fitting Time-Series Models in the Time Domain 55
4.1 Estimating Autocovariance and Autocorrelation Functions 55
4.2 Fitting an Autoregressive Process 59
4.3 Fitting a Moving Average Process 62
4.4 Estimating Parameters of an ARMA Model 64
4.5 Estimating Parameters of an ARIMA Model 65
4.6 Box-Jenkins Seasonal ARIMA Models 66



viii CONTENTS

4.7 Residual Analysis 67
4.8 General Remarks on Model Building 70

5 Forecasting 73
5.1 Introduction 73
5.2 Univariate Procedures 75
5.3 Multivariate Procedures 87
5.4 Comparative Review of Forecasting Procedures 90
5.5 Some Examples 98
5.6 Prediction Theory 103

6 Stationary Processes in the Frequency Domain 107
6.1 Introduction 107
6.2 The Spectral Distribution Function 107
6.3 The Spectral Density Function 111
6.4 The Spectrum of a Continuous Process 113
6.5 Derivation of Selected Spectra 114

7 Spectral Analysis 121
7.1 Fourier Analysis 121
7.2 A Simple Sinusoidal Model 122
7.3 Periodogram Analysis 126
7.4 Some Consistent Estimation Procedures 130
7.5 Confidence Intervals for the Spectrum 139
7.6 Comparison of Different Estimation Procedures 140
7.7 Analysing a Continuous Time Series 144
7.8 Examples and Discussion 146

8 Bivariate processes 155
8.1 Cross-Covariance and Cross-Correlation 155
8.2 The Cross-Spectrum 159

9 Linear Systems 169
9.1 Introduction 169
9.2 Linear Systems in the Time Domain 171
9.3 Linear Systems in the Frequency Domain 175
9.4 Identification of Linear Systems 190

10 State-Space Models and the Kalman Filter 203
10.1 State-Space Models 203
10.2 The Kalman Filter 211

11 Non-Linear Models
11.1 Introduction
11.2 Some Models with Non-Linear Structure

217
217
222



CONTENTS ix

11.3 Models for Changing Variance 227
11.4 Neural Networks 230
11.5 Chaos 235
11.6 Concluding Remarks 238
11.7 Bibliography 240

12 Multivariate Time-Series Modelling 241
12.1 Introduction 241
12.2 Single Equation Models 245
12.3 Vector Autoregressive Models 246
12.4 Vector ARM A Models 249
12.5 Fitting VAR and VARMA Models 250
12.6 Co-integration 252
12.7 Bibliography 253

13 Some More Advanced Topics 255
13.1 Model Identification Tools 255,
13.2 Modelling Non-Stationary Series 257
13.3 Fractional Differencing and Long-Memory Models 260
13.4 Testing for Unit Roots 262
13.5 Model Uncertainty 264
13.6 Control Theory 266
13.7 Miscellanea 268

14 Examples and Practical Advice 277
14.1 General Comments 277
14.2 Computer Software 278
14.3 Examples 280
14.4 More on the Time Plot 290
14.5 Concluding Remarks 292
14.6 Data Sources and Exercises 292

A  Fourier, Laplace and z-Transforms 295

B Dirac Delta Function 299

C Covariance and Correlation 301

D Some M INITAB and S-PLUS Commands 303

Answers to Exercises 307

References 315

Index 329



Theory and Design of

Hydraulic Machines
including

Basic Fluid Mechanics

Dr. V.P. Vasandani

K H A N N A  P U B L I S H E R S  I



Contents

Part-I — Fluid Mechanics

1. Introduction 1 — 3

2. P roperties o f  Fluids 4 — 16

2.1. Introduction 4
2.2. Specific Weight and Specific Volume 4
2.3. Density 5
2.4. Specific Gravity 5
2.5. Compressibility and Elasticity 5
2.6. Viscocity 6
2.7. Surface Tension 8
2.8. Capillarity 8
2.9. Pressure 9

2.10. Vapor Pressure 9

3. H ydrostatic Pressure and B uoyancy 17 — 70

3.1. Hydrostatic Pressure 17
3.2. Intensity of Hydrostatic Pressure 17
3.3. Depth and Pressure 22
3.4. Measurement of Pressure 22
3.5. Pressure on Immersed Surfaces 23
3.6. Some Applications 28
3.7. Graphical Solution 29
3.8. Lock Gates 32
3.9. Pressure Forces on Curved Surfaces 34

3.10. Buoyancy 35
3.11. Centre ofBuoyancy 36
3.12. Equilibrium of Floating Body ; 36
3.13. Meta Centre and Metacentric Height 37
3.14. Experimental Method for Determining

Metacentric Height 39
3.15. Theoretical Method for Determining

Metacentric Height 40
3.16. Period of Oscillation 42
3.17. Equilibrium of Floating Bodies Containing Liquid 43
3.18. Equilibrium of Moving Fluids 44

3.18.1 Liquid Container with Uniform Acceleration 44
3.18.2 Liquid in Rotating Container 45



4. P rin cip les  o f  F luid F l o w ____________ _______________71 ̂

714.1. Introduction
4.2. One Dimensional, Two Dimensional and Three

Dimensional Flow of Fluid 7 1
4.3. Steady and Unsteady Flow 73
4.4. Compressible and Incompressible Flows 73
4.5. Frictionless Flow and Flow with Friction 74
4.6. Rotational and Irrotational Flow 74
4.7. Stream Lines, Stream Tubes 75
4.8. Equation of Continuity 77
4.9. Euler's Equation 79

4.10. Bernoulli's Equation 81
4.11. K inetic E nergy Correction Factor 84
4.12. Flow with Rotation
4.13. E uler's E quations and Rotation  o f  F luid 87
4.14. Stream Function 88
4.15. Potential Function 89
4.16. Flow Net 90

5 . A pp lications o f  One D im ensional _________  96 — 144

5.1. Introduction 9®
5.2. Loss Due to Sudden Expansion 96
5.3. L o s s  of Head Due to Sudden Contraction 98
5.4. Loss of Head at Entrance to Pipe
5.5. Loss of Head at Exit of Pipe 99
5.6. L o s s  of Head due to Obstruction 99
5.7. Loss of Head due to Bends-Valves 100
5.8. Orifices
5.9. Submerged and Partially Submerged Orifices 102

5.10. MouthPieces 1 °4
5.11. Internal or Borda's Mouth Piece 1 °5

5 .1 1 .1 Other Mouth Pieces 106
5.12. Large Orifice  ̂ 107
5.13. Experimental Determination of C* C„ and Kc 108
5.14. Time taken to Empty a Vessel through Orifice 110
5.15. Notches
5.16. Velocity of Approach H 5
5.17. Weirs 11&
5.18. Empirical Formulas l i 7
5.19. Trapezoidal and Cippoletti Weir 118
5.20. Broad or Thick Crested Weir 119
5.21. Orifice Meter 12®
5.22. Nozzle-Meter I 24
5.23. Venturimeter I 24
5.24. Pitot's Tube I 2®

6. Dim ensional Analysis 145 — 162

6.1. Introduction i4 ^
6.2. Fundamental Units I 4®
6.3. Method of Analysis (Lord Rayleigh's Method) 146
6.4. Bucklingham's Theorem I 4 7
6.5. Dynamic Similarity I 50

7. F low  Through Pipes _______163 203

7.1. Introduction 163
7.2. Reynold's Experiments 163
7.3. Laminar or Viscous Flow through Pipes 165
7.4. Darcy's or Weisbach's Equation 168
7.5. Hydraulic Smooth Pipes 171
7.6. Hazen-Williams and other Formulae 173
7.7. Engineering Applications 174
7.8. Hydraulic Gradient 177
7.9. Power Transmission through Pipes 180

7.10. Siphon 183
7.11. Non-Circular Conduits 184
7.12. Velocity Distribution for Turbulent Flow 184
7.13. Moody's Universal Chart for Pipe Friction Factor 193
7.14. Pipeline Problems 194
7.15. Economical Diameter of Pipeline 195

8. F low  Through Open Channels 204 — 226

8.1. Introduction 204
8.2. Empirical Formulae 204
8.3. Efficient Cross-sections 207
8.4. Uniform and Non-uniform Flow through Open Channel 211
8.5. Non-Uniform Flow 211
8.6. Specific Energy 214
8.7. Hydraulic Jump & Other Cases of

216Non-uniform Flow
8.8. Velocity Distribution in Open Channels 222

9. One Dim ensional Steady Com pressible F low 227--2 4 3

9.1 Introduction 227
9.2 Basic Thermodynamic Relationships 228
9.3 Velocity of Sound in a Fluid Medium 229
9.4 Temperature Change in Compressible Flow' 231
9.5 Euler's and Bernoulli's Equations 232
9.6 Critical Mach Number 236
9.7 Flow Through a Vessel 236
9.8 Compressible Flow through Pipe 238
9.9 Flow through Nozzles 241

9.10 Fanno Equation
4*

242



Part - II — Hydraulic Machines

Introduction  to  Section—I
1. Classification
2. Types o f Turbines and Pumps
3. Head and Discharge
4. Efficiency and Losses

A. H ydrodynam ic M achines

1. G eneral T heory o f  H ydrodynam ic M achines 12 — 52

12
12

1.1. Introduction
1.2. Momentum Equation

1.2.2. Impact of Jet on Fixed and Moving Plates 13
1.3. Velocity Triangles 28
1.4. Propulsion of Ships by Jet 3 i

1.5.1. Classification of Machines 37
1.5.2. Euler’s Fundamental Equation 40
1.5.3. Degree of Reaction 43
1 .5 .4 . Flow Through Hydrodynamic Machine 46
1.5.5. Insufficient Confirmation of One Dimensional Theory 48

2. H ydro-Turbines ___________  53 — 142

2.1. Impulse Turbines 53
2.1.1. Introduction and History 5 3
2.1.2. Main Components of a Pelton Wheel 56
2.1.3. Flow Through the Bucket of the Pelton Wheel 57
2.1.4. Important Dimensions of Bucket
2.1.5. Number of Buckets 61
2.1.6. Ideal Velocity Diagrams 64
2.1.7. Selection of Jet Diameter 67
2.1.8. Speed Ratio
2.1.9. Number of Jets
2.1.10. Other Impulse Turbines 69

2.2. Reaction or Pressure Turbines 86
2.2.1. Introduction
2.2.2. Effect of Modifications 87
2.2.3. Components of a Reaction Turbine 90
2.2.4. Draft Tube 93
2.2.5. Suction Height

2.3. Aerodynamic Theory as Applied to Axial Flow Machines 100
2.3.1. Profile Geometry and its Aerodynamic Properties 100
2.3.2. Biot-Savart Law 1®4
2.3.3. Kutta-Joukowski’s Theorem 106
2.3.4. Cascade of Blades

2.4.1. Application of Aerofoil Theory 
2.5. Other Reaction Turbines

113
115

3. H ydrodynam ic Pum ps 143 — 183

3.1. Introduction 143
3.2. Component Parts 144
3.3. Suction and Delivery Pipes 145
3.4. Definitions 146
3.5. Number of Stages 149
3.6. Velocity Triangles 150
3.7. Theory of Hydrodynamic Pumps 151
3.8. Minimum Speed of Pump to Deliver Liquid 153
3.9. Effect of Variation of Velocity Diagram from

Assumed Ideal Diagram 153
3.10. Pressure Coefficient 154
3.11. Number of Blades 154
3.12. Maximum Permissible Suction Height 155
3.13. Priming and Some Self-priming Devices 156

4. Cavitation 1 8 4 - 205

4.1. Introduction 184
4.2. Definitions 184

4.2.1. Net Positive Suction Head (N.P.S.H.) 185
4.2.2. Net Positive Suction Head Required 185
4.2.3. Thoma’s cavitation factor 187

4.3. Cavitation Damage 188
4.4. Mechanism of Cavitation Damage 189

4.4.1. Mechanical Action Theory 190
4.5. Tensile Strength of Liquids 192
4.6. Effect of Nuclei 193
4.7. Turbulence and Boundary Layer Effects 194
4.8. Effect o f Gas Content, Vapour Pressure and

Temperature of the Liquid 194
4.9. Effect of Surface Tension and Impurities 196

4.10. Effects of Viscosity o f the Liquid 196
4.11. Effects of Shape of Cavitating Body 196
4.12. Effects of Cavitation 196
4.13. Cavitation Prevention 198
4.14. Cavitation Prevention at the Design Stage 198
4.15. Cavitation Prevention of Installed Hydraulic Machines 200
4.16. Cavitation Detection 201

5. A pplication  o f  Sim ilarity C onsiderations to
H ydrodynam ic M achines 2 0 6 - -24 3

5.1. Introduction 206
5.2. Similarity Considerations 207



5.3. Unit Quantities 209
5.4. Specific Speed 211
5.5. Specific Speed of a Pelton Wheel 213
5.6. Specific Speed of Francis Turbine 214
5.7. Specific Speed of Kaplan Turbine 215
5.8. Classification and Selection of Turbines on the

Basis of Specific Speed 215
5.9. Specific Speed of Pumps 218

5.10. Application of Buckingham’s Theorem 218
5.11. Effect o f Friction 234
5.12. Effect of Cavitation 236

6. C haracteristics o f  H ydrodynam ic M achines 244 — 276

6.1. Introduction 244
6.2. Main Characteristics 245
6.3. Operating Characteristic 248
6.4. Constant Efficiency Curves 252
6.5. Suitability of Reaction Turbines for High Heads 253

7. G eneral T heory o f  M achines-II 277 — 297

7.1. Introduction 277
7.2. Effect of Blade Thickness 278
7.3. Effect of Finite Number of Blades 279
7.4. Effect of Friction 280
7.5. Effect of Relative Eddy 281
7.6. Actual Theoretical Velocity Triangles 282
7.7. Pxleiderer’s Coefficient 283
7.8. Selection of Pressure Side Blade 285
7.9. Cavitation 286

7.10. Suction Velocity and Velocity Coefficient 289
7.11. Turbine and Pump Cascades 290
7.12. General Theory of Impulse Machines 293
7.13. Velocity Triangles 294
7.14. Theory and Observations 296
7.15. Bucket Splitter 297

8. G overning 298—320

(a) Governing o f Turbines
8.1. Introduction 298
8.2. Main Considerations 298
8.3. Governing Mechanism 299
8.4. Complexities o f Governing 301
8.5. Double Regulation of Pelton Wheel 302
8.6. Theory of Governing 303
8.7. Description of Component Parts 304
8.8. Governing of Runner Blades in Kaplan Turbines 305

8.9. Determination of Blade Position for Various Load
Conditions 306

(b) Discharge Regulation in Pumps

8.10. Introduction 312
8.11. Methods of Regulation of Pumps 314

9. H ydroelectric Plants _______________________________ 321 335

9.1. Introduction 321
9.2. Classification 321
9.3. Essential Parts of Hydroelectric Station 323
9.4. Capacity of Storage Reservoir 328
9.5. Variation of Head 331

10. Sum m ary and Problem s _________  336 390

1 1 . H ydrodynam ic Transm ission ___________  _______  391 397

11.1. Introduction 3 91*
11.2. Hydraulic Coupling 391
11.3. Torque Converter 393
11.4. General Theory 394

12. M iscellaneous H ydrodynam ic Pum ps 398 — 417

12.1. Introduction o98
12.2. Self-priming Pumps 398
12.3. Bore Hole Pumps 403
12.4. Non-clog Pump 408
12.5. Chemical and Process Pumps 411
12.6. High Speed Processes Pumps 414
12.7. Other Multipurpose Hydrodynamic Pumps 417

B. Positive Displacement Machinery

13.R eciprocating Pum ps _________  418—459

13.1. Introduction 418
13.2. Working of Single Cylinder Single Acting

Reciprocating Pump 418
13.3 Indicator Diagram 420
13.4. Effect of Piston Acceleration on Indicator Diagrams 422
13.5. Effect of Pipe Friction on Indicator Diagram 424
13.6. Other Pump Losses 425
13.7. Cavitation 427
13.8. Negative Slip 428



13.9. Doable Acting Single Cylinder Pump 428
13.10. Multi-cylinder Pumps 430
13.11. Air Vessels 431
13.12. Calculations for Air Vessel 436
13.13. Calculations for Valves 441
13.14. Specific Work of a Reciprocating Pump 445

14. M iscellaneous H ydraulic M achines 460 — 486

14.1. Introduction 460
14.2. Gear Pumps 460
14.3. Rotating Cylinder Pumps 467
14.4. Parallel Cylinder Pump 470
14.5. The Screw Pumps 472
14.6. Open Screw Pump 474
14.7. Hydraulic Accumulator 475
14.8. Hydraulic Intensifier 477
14.9. Hydraulic Jack 478

14.10. Hydraulic Crane 479

15. Other H ydraulic Pum ps 487 — 518

15.1. Hydraulic Ram 487
15.2. Jet Pumps 490
15.3. Injector Pumps 501
15.4. Air Lift Pump 504

C. Design o f  Hydrodynamics Pumps

16. Design o f  H ydrodynam ic Pum ps 519 — 521

16.1. Design Data 519
16.2. Effect of Manufacturing Schedule 520
16.3. General Design Outline 520
16.4. Design Procedure 521

17. A dditional Theoretical Considerations 522 — a43

17.1. Introduction 522
17.2. Euler's Equation 522
17.3. Theoretical Pump Characteristic 523
17.4. Effect of Non-uniform Velocity Distribution 526
17.5. Axial Entrance Velocity 528
17.6. Blade Outlet Angle 531
17.7 Number of Blades and Length of Blade 533
17.8 Slip Factor—Pfliederer's Coefficient, Stodola's Method &

Busemann's Method 535

18. Design o f  Radial F low  Im peller 544-- 5 7 3

18.1. Introduction 544
18.2. Efficiency 544
18.3. Shaft Diameter 546
18.4. Design of Suction Passage 547
18.5. Design of Pressure Side 549
18.6. Design Blade Shape 551
18.8. Design of Pump Volute 557
18.9. Volute with Circular Cross-section 561

19. Design o f  M ixed F low  Pum ps 574 — 590

19.1. Introduction 574
19.2. Meridional Stream Lines 575
19.3. Determination of Vane Edges 576
19.4. Design of Blade Shape 577
19.5. Pattern Makers or Boards Sections 583

20. Design o f  Axial (Propeller) Pum ps 591 — 611“

20.1. Introduction 591
20.2. Special Consideration 591
20.3. Maximum Permissible Hub Ratio 592

20.3.1 Design Procedure 594
20.4. Design of Blade Shape 595
20.5. Design of Blade Cylinderical Sections based on

Aerodynamic Theory 596
20.6. Design of Impeller Based on Aerodynamic Principles 601
20.7. Board Section or Pattern Maker's Sections 604

A ppendices 612 — 615
A. Surge Tanks 612

Bibliography 616— 617

Index 618—624

Part A—Fluid M echanics
Part B—Basic H ydraulic M achines


