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Combustion involves the liberation of energy by chemical re­
action. Typically, the rate of energy release is a strongly sensi­
tive function of temperature. Doubling the temperature, for ex­
ample, may well increase the rate by a factor of ten thousand. 
Combustible materials, essentially inert at room temperature, can 
therefore ignite rapidly and explode when sufficiently heated. 
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Although combustion commences in chemistry, it also involves, 
in general, transport of matter and energy. A typical sequence of 
events in the combustion of a well-mixed mass of reactants may 
involve ignition followed by the establishment of a combustion 
front, which propagates across the vessel until the reactants are 
exhausted. A reasonable mathematical model of the underlying 
physicochemical processes, at least for gaseous combustibles, con­
sists of the compressible Navier-Stokes equations augmented by 
balance equations for the individual chemical species taking part 
in the chemical reaction. From the mathematical point of view 
these equations form a formidable set; the complexities of fluid 
mechanics are only compounded by chemical kinetics, which can 
be quite daunting even for the simplest of combustibles. 

Mathematical tractability demands drastic assumptions. It is 
not uncommon, for example, to replace the entire chemical scheme 
by an overall, one-step exothermic chemical reaction. Another 
frequently-held postulate takes the combustible to be a dilute mix­
ture with an abundant inert. These and other similar approxima­
tions, aimed primarily at achieving mathematical simplicity, have 
nevertheless led to increased qualitative understanding of many 
aspects of combustion. 

The sensitive dependence of the global reaction on temperature, 
at least for gaseous reactants, is governed by the Arrhenius law. 
The rate term then involves the factor e 'e~ 'e , where T is the 
(suitably nondimensional) temperature and e , the reciprocal acti­
vation temperature, frequently a small parameter. The exponential 
nonlinearity has seduced many an applied mathematician in recent 
years. As a result, practitioners of the art of formal asymptotics 
have lustily exploited the limit e —• 0 to examine a variety of 
combustion phenomena. This is especially true of ignition theory, 
the topic of this book. 

Ignition is often characterized by a period of gradual chemical 
heating, when the reaction rate is low (the induction stage), fol­
lowed by an extremely rapid, localized temperature rise (the explo­
sion stage) as the reaction accelerates. In the small- e analysis of 
ignition, it is recognized that during induction, changes in the state 
of the medium are measured properly on the e scale. This leads to 
a set of small-disturbance equations which, although simpler than 
the full set, still retains a vestige of the chemical nonlinearity; with 
T ~ 1 +£T , the Arrhenius factor ex'e~l'£T does simplify, but only 


