
CONTENTS 

Preface vii 
Symbols xiii 

1.Introduction 1 

1.1 Principal Characteristics of an MHD Generator and Areas of 
Application 1 

1.2 A Short History of MHD Energy Conversion 4 
1.3 Basic Concepts 9 
1.4 Magnetic Reynolds Numbers 11 

2.Ionization and Conductivity 17 

2.1 Charge Neutrality 18 
2.2 Thermal Ionization 19 
2.3 Current 22 
2.4 Conductivity: An Elementary Derivation 23 
2.5 Scalar Conductivity Including Electron-Ion Collisions 24 
2.6 Generalized Ohm's Law 27 
2.7 Ion Slip 31 
2.8 Power Relations in the Presence of the Hall Effect and Ion 

Slip 34 

3.Fluid Mechanics 37 

3.1 Basic Equations 38 
3.2 Interaction Length 40 

3.2.1 Optimum Mach Number 41



3.3 Overall Generator Efficiency 43 
3.4 Polytropic Efficiency 43 
3.5 Relation between Overall and Polytropic Efficiency 44 
3.6 Local Static or Electrical Efficiency 45 
3.7 Relation between Electrical and Polytropic Efficiency 46 
3.8 Efficiency Including Wall Heat Transfer and Friction 47 
3.9 Boundary Layers 48 
3.10 Special Solutions of the Equations of Motion 51 

3.10.1 Constant-velocity Duct 51 
3.10.2 Constant-Mach Number Duct 52 
3.10.3 Constant-temperature Duct 53 
3.10.4 Constant-pressure Duct 54 
3.10.5 An Approximation for Variable Conductivity 55 

3.11 A Method for Numerical Hand Calculation 56 

4.Hall and Ion Slip Effects-Engineering Consequences 59 

4.1 Segmenting-Faraday Generator 59 
4.2 Hall Generator 61 
4.3 Diagonal Connection 64 
4.4 Finite Segmenting 66 

4.4.1 Wedge Electrodes 69 
4.5 Electrode Width Less than Channel Width 71 
4.6 Nonuniform Gases 74 

4.6.1 Fluctuating and Isotropic Nonuniformity 78 
4.7 Waves 82 

5.Nonequilibrium Ionization 91 

5.1 Two-temperature Model 92 
5.2 Energy-loss Mechanisms 93 
5.3 Energy-input Mechanisms 94 

5.3.1 Joule Dissipation 96 
5.4 Recombination 99 

5.4.1 Ionization 103 
5.5 Stability of Nonequilibrium Ionization 103 

5.5.1 Spoke Instability 104 
5.5.2 Small Perturbation Analysis of Electrothermal 

Disturbances 106 
5.5.3 Discussion 110 

6.Magnet Design 115 

6.1 Introduction 115 
6.2 Crescent Coil Cross Section 117 
6.3 Rectangular Coil Cross Section 120 
6.4 Superconducting Coils 123 
6.5 Structure Weight 127 
6.6 Specific Mass of a Generator 127



7.Miscellaneous Design Considerations 133 

7.1 Geometric Variations 133 
7.2 Constant Loading in Hall and Diagonal Generators 135 
7.3 Magnitude of the Hall Voltage 137 
7.4 Heat Transfer, Friction, and Duct LID 138 
7.5 End Effects 139 
7.6 Channels with Circular Cross Section 141 
7.7 Diffuser Losses 142 
7.8 Choice of Working Gases-Closed Cycles 143 

7.8.1 Seeding 144 
7.9 Scaling Laws for a Straight Channel 145 

7.9.1 Temperature Dependence 148 
7.10 Scaling Laws for a Disk Channel 149 
7.11 Generation of Alternating Current 151 
7.12 Insulating Wall Construction 152 

7.12.1 Composite Walls 157 
7.13 Electrodes 158 

8.Applications 163 

8.1 Cycles 164 
8.2 Public Utility Power: Chemical Fuels 172 
8.3 Rocket Generators: High-power Short-duration Electric 

Power Sources 175 
8.4 Public Utility Power: Nuclear Fuels 178 
8.5 Aerospace Applications 180 

8.5.1 Cavity Reactors 180 
8.5.2 Radiating Power Plants 185 
8.5.3 Propellant-cooled Propulsion Systems 189 

Appendix A.Transport Properties in a Multicomponent Gas 197 

Appendix B.Calculated Curves of Conductivity and Hall Parameter 199 

Appendix C.Magnetic Field Strength in Some Miscellaneous Coil Geometries 223 

Appendix D.Constants, Conversion Factors, and Numeric Formulas for 
Thermal Velocities, Viscosity, and Reynolds Number 225 

Appendix E.Graph for the Calculation of Generator Performance 229 

Index 231


