
Contents 

List of symbols•@ xúB

1.•@ Introduction•@ 1

REFERENCES•@ 2

2.•@ Processes of generation, attachment, and recombination of 

charged species•@ 3

PART I.•@HOMOGENEOUS GAS-PHASE•@ 3

Kinetic theory•@ 3 

Ionization processes•@ 6 

(i) Ionization by collision•@ 7 

(úA) Electron transfer•@ 8 

(úB) Ionization by transfer of excitation energy•@ 10 

(úC) Chemi-ionization 10 

Electron attachment, charge exchange, and clustering•@ 10

Electron attachment•@ 10

(i) Radiative attachment•@ 11 

(úA) Three-body attachment•@ 11 

(úB) Dissociative attachment•@ 12 

Charge exchange processes•@ 13

Electron transfer•@ 13

Charge transfer with chemical rearrangement•@ 14

Clustering•@ 16

Recombination•@ 16

(i) Three-body recombination•@ 17

(úA) Dissociative recombination•@19

(úB) Mutual neutralization•@ 20

Thermal ionization in the gas phase•@ 20

PART ‡U.•@ GAS-SOLID SYSTEMS•@ 23

Electron emission from surfaces•@ 23

Thermionic emission•@ 23 

(i) In the absence of applied fields•@ 23

(úA) In the presence of applied fields•@ 24

Impact and photo-emission•@ 26

Thermal ionization of particles•@ 27



Particle charging in regions of space charge•@ 28

(a) Charging without thermionic emission•@ 29

(i) Bombardment charging•@ 29

(>0¥5 ƒÊm radius) 

(úA) Diffusion charging•@ 31 

(<0¥1 ƒÊm radius)

(b) Charging in presence of thermionic emission•@ 32

(i) Assisting fields•@ 33 

(úA) Adverse fields•@ 34 

REFERENCES•@ 35 

3.•@ Combustion processes and burner systems•@ 38

Definition and presentation of subject•@ 38

THE FINAL STATE•@ 40

REACTION IN FLAMES, THEIR MECHANISMS OF PROPAGATION AND 

BURNING•@ 45

Propagation of pre-mixed flame•@ 47

Detonation•@ 53 

Augmented flames and high intensity combustion•@ 55

Diffusion flames•@ 57 

BURNERS•@ 61 

Burners for pre-mixed reactants ; simple tubes•@ 61

Burners producing freely stabilized flat flames (pre-mixed 

reactants)•@ 66

Flat flames stabilized by heat losses (pre-mixed reactants)•@ 68

Spherical flames (pre-mixed reactants)•@ 70

Burners based on nozzles and on tubes of non-circular 

cross-section (pre-mixed reactants)•@ 70

High-intensity burners (pre-mixed reactants)•@ 71

Burners for stabilized detonations and electrically aug

mented flames (pre-mixed reactants)•@ 75
'Augmented flames'•@ 79

Burners for diffusion flames•@ 92

Heterogeneous systems•@ 96

Reactants separate•@ 96

Solid propellants•@ 100

REFERENCES•@ 101

4.•@ Effects of fields on ions, electrons, charged particles, and on their 

carrier gas•@ 106

Dipoles•@ 111 

MOBILITY OF CHARGE CARRIERS•@ 112 

Molecular ions•@ 113 

Mobility in mixtures of gases•@ 117

Diffusion of ions•@117

Electrons•@ 119 

Electron mobility and conductivity in gas mixtures•@ 121 

Electron temperature, mobility and conductivity at high

(E/P)•@ 123

Mobility in a magneticfield•@ 126 

Mobilities of droplets and particles•@ 127 

ELECTRICAL BREAKDOWN IN GASES•@ 136

FORCE ON NEUTRAL GAS : 'IONIC WIND'•@ 141

REFERENCES•@ 154

5.•@ Experimental methods for the study of flame ionization•@ 156
'INTERNAL' METHODS•@ 158

Measurement of mobility•@ 158

The measurement of conductivity, charge concentration, 

and electron temperature•@ 161

D.c. conductivity measurements•@ 161

Langmuir probes•@ 163

(i) Collisionless theory•@ 169

(úA) Collision dominated extra-sheath and collision

less sheath•@ 171

(úB) Collision dominated sheath and extra-sheath•@ 173

Double probes•@ 176

Measurements using resonant circuits and propagating 

waves•@ 178

A.c. conductivity•@ 179

Resonance of a.c. circuits•@ 182

Propagation of electromagnetic waves through plasmas•@ 188

Reflection•@ 189 

Attenuation•@ 190 

Refractive index•@ 192 
'EXTERNAL' METHODS•@ 193 

Current densities•@ 194 

Identification of ions : mass spectra and mobility deter

mination•@ 200 

Mobilities outside flame gases•@ 207

REFERENCES•@ 211

6.•@ Ionization in flames•@ 214

NATURAL FLAME IONIZATION•@ 214 

Occurrence, concentration, and identity of flame ions•@ 214

Rates of ion generation and the influence of pressure, 

temperature, and composition•@ 218

Recombination and ambipolar diffusion•@ 223



Mechanism of ion formation and recombination•@ 224

I on formation•@ 224

CHO+•@ 227 

C3H+3•@ 228

Charge recombination•@ 229 

IONIZATION IN THE PRESENCE OF ADDITIVES•@ 229 

Non-equilibrium ionization of additives•@ 229 

Lead•@ 229 

Alkali metals•@ 230 

Halogens•@ 233 

Alkaline earths•@ 233 

Ionization augmented by applied electric fields•@ 234 

Equilibrium ionization of additives•@ 235

Homogeneous gas phase•@ 235 

Particle suspensions•@ 237 

REFERENCES•@ 239 

7.•@ Practical consequences and applications•@ 242

MOVEMENT OF CHARGE CARRIERS•@ 242

Electrolysis•@ 242

Large charge-carriers•@ 243
'Direct' generation of electricity•@ 258

MHD Generation of electricity•@ 259

Faraday generator•@ 262

Hall generator•@ 263

EGD Generation of electricity•@ 270

Plate generator•@ 271

Tube generator•@ 273

Calorelectric effect•@ 276

Movement of charge in methods of detection and 

measurement•@ 278 

Movement of charge in oscillating fields•@ 282

MOVEMENT OF NEUTRAL GAS•@ 285

Electric fields•@ 285

Crossed current and magnetic field vectors•@ 307

REFERENCES•@ 311 

8.•@ Distribution of the electrical parameters and limitations to 

practical effects•@ 315

THE DISTRIBUTIONS OF FIELD AND CHARGE•@ 317

Within the reaction zone•@ 317

(a) Slow ion removal•@ 318 

(b) Saturation•@ 319 

(c) Sub-saturation•@ 320 

(d) Super-saturation•@ 322

Effect ofapproximations•@ 323 

Outside the flame•@ 323 

Maximum effects attainable by fields•@ 330

THE USE OF MAGNETIC FIELDS•@ 336 

REFERENCES•@ 340 

Author Index•@ 341 

Subject Index•@ 346


