Contents

Preface to First Edition

Preface Third Edition

I INTRODUCTION

II

III1

Iv

Flame — Stationary flames — Propagating flames — Physics or
chemistry ?

PREMIXED FLAMES

The Bunsen burner — The Méker burner — Laminar premixed
flames —~ The Smithells separator — Turbulent flames — Flame
stability — Quenching — Low-pressure flames and their struc-
ture — Spontaneous ignition and cool flames — Ignition by
external means — Limits of flame propagation — The position of
luminous zones — Polyhedral and cellular flames — The transi-
tion between premixed flames and diffusion flames.

FLOW VISUALISATION AND FLAME
PHOTOGRAPHY

The gas flow from a burner — The measurement of the gas flow
— The photography of the flame cone ~ Particle-track photo-
graphy — Schlieren photography — Interferometry — Lasers and
holography — The flame thrust, and its effect on cone shape -
The tip of the flame.

MEASUREMENTS OF BURNING VELOCITY

The burning velocity — Gouy’s flame-area method ~ Modified
flame-area and cone-angle methods — The nozzle method -
The particle-track méthod — Methods of locating the flame
front — Rectified flat-flame methods — The flame-thrust method
~ The soap-bubble method — The spherical-bomb method -
The revised tube method ~ Comparison of burning velocity

Page

vii

37

54



v

VI

Vil

VIII

measurements — The temperature dependence of burning
velocity — The pressure dependence of burning velocity —~ The
influence of hydrocarbon structure on burning velocity — The
influence of mixture strength, diluents and additives.

THE STRUCTURE OF THE REACTION ZONE
AND ITS RELATION TO FLAME
PROPAGATION

Introduction — The preheating zone — The ignition point — The
reaction zone; radical concentrations — The reaction zone; its
thickness in relation to burning velocity — The relation between
burning velocity, temperature and radical concentration — The
effect of additives on burning velocity, flammability limits and
spontaneous thermal ignition — Early thermal theories of flame
propagation — The role of diffusion in propagation — Combined
thermal and diffusion theories — The concept of excess en-
thalpy — Reaction rates — Flame propagation in turbulent gases.

DIFFUSION FLAMES

Early work on small flames — Turbulent flames — The candle
flame — The flat diffusion flame — Spectroscopic study of struc-
ture — Counter-flow diffusion flames — Comparison of diffusion
with premixed flames — Thin flames ~ Furnace flames — Com-
bustion of droplets and dusts — Flames on wicks; mixed fuels —
Combustion of liquids at a free surface.

FLAME NOISE AND FLAME OSCILLATIONS
Flame noise — Jet noise — Singing flames — Combustion cham-
ber oscillations — Flame flicker and other instabilities —
Sensitive flames — The influence of sound on premixed flames.

SOLID CARBON IN FLAMES

Introduction — Diffusion flames — Premixed flames — The effect
of pressure — The effect of temperature — Explosion flames —
The effect of additives — Electrical effects — The nature of
carbon particles and deposits — The equilibrium between
carbon and the burnt gases — Detection of intermediate pro-
ducts — The pyrolysis of hydrocarbons — The problem of the
formation and growth of soot particles — The carbon-black
process.

85

129

158

175



Page
IX RADIATION PROCESSES IN FLAMES 211
The nature of radiation — The equipartition of energy — Pro-
cesses of electronic excitation — Conditions for radiative equi-
librium — Chemiluminescence — Departures from equilibrium
in flame gases - Radiation and scattering from solid particles —
Calculations of radiative heat transfer.

X FLAME TEMPERATURE. I. MEASUREMENT
BY THE SPECTRUM-LINE REVERSAL '
METHOD
Flame temperatire? — The sodium-line reversal method —
Corrections for reflection loss and for change of brightness
temperature with wavelength — Effect of complex flame struc-

ture — Use of other lines for reversal work — Background
sources — Adaptations for non-visual recording and for time-
resolved studies — Accuracy and reliability — The Kurlbaum
method — Results for interconal gases — Results for reaction
zones.

XI FLAME TEMPERATURE. II. OTHER

METHODS OF MEASUREMENT

Brightness and emissivity methods — The colour-temperature
method — The line-ratio method — Effective translational tem-
perature by Doppler broadening — Rotational temperatures —
Vibrational temperatures — Refractive-index methods — a-
particle and X-ray methods - Sonic methods — Hot-wire
methods - Ionisation methods.

XII FLAME TEMPERATURE. III. CALCULATED
VALUES 288

Systematic calculation of composition for a given temperature
— Calculation of temperature — Values for equilibrium con-
stants, enthalpies, etc. — Discussion of the effect of varying
mixture strength — The effect of pressure — Temperatures and
compositions of some typical flames.

XIII IONISATION IN -FLAMES 305
Measurement of ionisation — Ionisation in local thermodyna-

“mic equilibrium (LTE) — The role of chemical reactions in the
ionisation of metal additives —~ Tonisation in hydrocarbon
flames — Further investigations of ion reactions m flames -
Ionisation ih rocket exhausts.



Page
X1V COMBUSTION PROCESSES OF ROCKET-

TYPE FUELS 334
Flames supported by oxides of nitrogen ~ Nitric acid flames —
Nitrate and nitrite flames — Propellant flames — Halogens as
oxidisers — Ozone — Metal alkyl flames — High-energy fuels -
Combustion of solid fuels — Ignition and flammability of
solids — The burning characteristics of solids — Supersonic

combustion.

XV FLAME PROBLEMS 362
REFERENCES 367
AUTHOR INDEX 385

SUBJECT INDEX, with definitions of symbols and values
of physical constants. units and conversion factars 201



