The Micro-hydro Pelton Turbine Manual

Design, Manufacture and Installation
for Small-scale Hydropower

JEREMY THAKE

/706

PUBLISHING




CONTENTS

Preface
Acknowledgements
Introduction

1. The Pelton Turbine

1.1 Why Pelton turbines?
1.2 General description of a Pelton turbine
1.3 The origins of the Pelton wheel

1.3.1 Early water mills

1.3.2 Tangential wheels

1.3.3 The Pelton wheel

2. Basic Theory

2.1 Impulse and reaction turbines
2.2 Water jets
2.2.1 Nozzles
2.2.2 Spear valves
223 Jets
2.3 Buckets and the runner
2.3.1 Simple theory
2.3.2 Flow into the buckets
2.3.3 A more complete theory
2.3.4 Windage and mechanical friction losses
2.3.5 Overall efficiency
2.3.6 Optimum speed
2.3.7 Runaway speed
2.4 Casing design and multiple jets

3. Turbine Selection

3.1 Pelton turbine selection
3.1.1 Flow equation
3.1.2 Speed equation
3.1.3 Power equation
3.1.4 General procedure
3.1.5 Worked example
3.1.6 Making a final choice
3.1.7 Further examples

4. Design

4.1 The buckets
4.1.1 Bucket shape
4.1.2 A bucket design
4.1.3 Bucket materials
4.1.4 Stress calculations
4.2 The runner
4.2.1 The number of buckets
42.2 Attaching the bucket to the hub
4.3 Spear valves and nozzles
4.3.1 Nozzles or spear valves?
4.3.2 Nozzles

b 5

GO ONth b b = — B

11

11
11
11
12
12
15
15
15
17
18
19
21
22
22

24

24
24
26
26
27
27
27
29

32

32
32
33
34
37
39
39
39

44
45



4.3.3 Spear valves
4.3.4 The number of jets and jet spacing
4.3.5 The effect of the nozzles or spear valves on the penstock
4.4 Overspeed protection: deflectors and other mechanisms
4.4.1 The need for overspeed protection
4.4.2 Deflectors
4.4.3 Other shut-down mechanisms
4.4.4 Overspeed sensing
4.5 General shaft and bearing layout
4.5.1 Direct shaft mounting
4.5.2 ‘Peltric’ sets
4.5.3 Separately mounted runners
4.6 Shaft and bearing forces
4.7 Runner shaft bearings
4.7.1 General considerations
4.7.2 Bearing arrangement
4.7.3 Selecting the correct bearing size
4.7.4 Tolerancing of mating components
4.7.5 Bearing lubrication and sealing
4.8 Shafts
4.8.1 Shaft design
4.8.2 Shaft stress
4.8.3 Attaching the runner to the shaft
4.8.4 Corrosion protection
4.9 Turbine shaft seals
4.10 Manifolds
4.10.1 Determining the size of the manifold
4.10.2 Manifold losses
4.10.3 Manifold stresses
4.11 Shut-off valves
4.11.1 Gate valves
4.11.2 Butterfly valves
4.11.3 Ball valves
4.12 Turbine housing
4.12.1 Controlling flow within the casing
4.12.2 Casing construction
4.12.3 Open turbines
4.13 Baseframes, foundations and tailrace
4.13.1 Baseframes
4.13.2 Foundations, floors and anchor bolts
4.13.3 Tailrace
4.14 Associated components
4.14.1 Desilting basin
4.14.2 Trashrack
4.14.3 Generators
4.14.4 Governors, load controllers and flywheels

5. Manufacture

5.1 Buckets
5.1.1 Pattern making
5.1.2 Casting single buckets
5.1.3 Casting runners in one piece
5.1.4 Balancing
5.2 Fabricated runners
5.2.1 Bolted assemblies
5.2.2 Welded assemblies
5.2.3 Testing

vi

W s
=S O

1 Lhy

Lh Lh L
[SSI N S N (G T 16

h tn wn
SN LA

OO Lh La
[ 18 s B s B

O T O
RS

~ OOy Oy O
=00~ ~1 =1 Lh

mmmmmmmmmmmuqﬂuqququw
HJ“J*QHHJLHUJ'—*I—!S-‘DOODOﬂﬂﬁdc\-thle\J

91

91
91
96
105
110
111
111
113
114



5.2.4 Other methods of manufacturing runners
5.3 Spear valves
5.4 Manifolds
5.5 Turbine housing
5.6 Assembly

5.6.1 General bearing assembly

5.6.2 Fitling taper-sleeve bearings to the shaft
5.7 Packing and transport

6. Installation, Commissioning and Testing

6.1 Installation
6.2 Commissioning
6.2.1 Commissioning procedure

7. Maintenance and Problem Solving

7.1 Maintenance
7.1.1 Regular inspection
7.1.2 Bearings
7.1.3 Major inspection
7.2 Problem solving
7.2.1 Low output power
7.2.2 Noise and vibration
7.2.3 Leaks

8. Conclusion

8.1 Further developments

9. Appendix: Standard Units, Formulae and Notation

9.1 Standard units
9.2 Multiplication factors
9.3 Other SI units
9.4 Basic formulae
9.4.1 Turbine output power
9.4.2 Power/torque relationship
9.5 Unit conversion
9.6 Greek alphabet
9.7 Accuracy and the acceleration due to gravity

10. Appendix: Derivation of Formulae

10.1 Nozzles
10.2 Spear valves
10.3 Turbine power and efficiency
10.3.1 Simple theory
10.3.2 Water missing the runner
10.3.3 Three-dimensional theory
10.3.4 Windage losses
10.3.5 Mechanical friction losses
10.4 Bucket stem stress calculations
10.4.1 Runaway load
10.4.2 Fatigue load
10.4.3 Stress limits
10.5 Bolted buckets
10.5.1 Standard analysis

vil

115
116
116
116
117
117
119
120

123

123
123
123
124
124
124
128
128

129
129

130

130
130
130
130
130
131
131
132
132

133

133
134
136
136
137
140
142
143
143
144
145
146
148
148



10.5.2 Analysis of a bolted bucket
10.6 Shaft design
10.6.1 Static loads
10.6.2 Fatigue loads
10.7 Manifold loss calculations
10.7.1 Pipe losses
10.7.2 Bend losses
10.7.3 Bifurcation losses
10.7.4 Diameter transition losses
10.7.5 Worked example

10.8 Baseframe anchor bolt loads
11, Appendix: Full System Calculation Spreadsheet

11.1 Using the spreadsheets
11.1.1 Part 1. Penstock losses, turbine jet size and speed
calculations
11.1.2 Part 2. Power calculations
11.1.3 Part 3. Penstock thickness calculations

12. Appendix: O-ring seals

12.1 Sealing arrangements

12.2 O-ring section and groove details
12.3 O-ring diameter

12.4 Material

12.5 Installation

13. Appendix: Keys and Keyways

14. Appendix: Limits and Fits
14.1 Selected fits

15. Appendix: Specific Speeds

15.1 Definition of specific speed
15.2 Choosing a turbine

16. References
17. Glossary

18. Index

viii

148
149
149
150
151
151
152
153
154
154
157

158
158

158
161
161

163

163
163
165
165
165

166

168
168

172

172
172

174

176

177




