Runaway through hot assembly

Criticality in terms of the boundary conditions is identified as the combination of parameter values at which the realisable steady state temperature excess jumps discontinuously in response to a smooth variation to the external parameters. There is, however, another mechanism that has recently become recognised as of practical significance through which runaway can arise in systems that would be classified as subcritical in the above sense. This is an 'initial condition' problem and occurs if a pile of reactants is built from material that is already hot, i.e. if the initial temperature exceeds Ta.

Uniform temperature systems
For the Semenov (uniform) temperature problem, this is easily discussed. The steady-state locus showing the steady-state temperature excess as a function of the operating conditions as encapsulated in the Semenov number has a stable branch corresponding to low extents of self-heating (s . With the exponential approximation, there is a second branch corresponding to saddle-point solutions (u.
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For a system with ( < (cr = e(1, and if the initial temperature is such that the initial value of the dimensionless temperature excess (init is less than the corresponding (u, then the evolution of the system is such that the temperature of the reacting pile decays in time to the value (s
If, however, (init > (u, then although (s exists, the low reaction steady state is inaccessible, and there is self-heating to runaway.

With the full Arrhenius temperature dependence, this situation is not altered. Within the region of three steady-state solutions, the saddle point branch plays the role of a watershed, separating initial conditions which evolve to the lowest branch and those which evolve to the steady ignited state.

Given values of the physico-chemical parameters for a given system, the unstable steady-state solution can be used to predict the critical initial condition:
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Distributed temperature systems

With the Frank-Kamenetskii model, similar runaway from initial conditions can occur. The unstable profile, which now depends on position, (u(() again plays a watershed role: if, for a given value of (, the initial temperature distribution ((() lies everywhere within the reactant mass below the corresponding unstable steady state profile, then the system will evolve to the stable, low reaction profile, (s((). Also, if the initial temperature distribution lies every where above the unstable profile, there will be runaway. 

However, it is also easy to imagine a situation in which some arbitrary initial spatial distribution is such that some regions of the reactant mass have (init(() > (u(() and other regions have (init(() < (u(() Indeed, the simplest situation is that with a uniform initial temperature (init(() = 

 > 0. 
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As sketched above, such an initial distribution will have (init > (u in the outer region of the reactant mass and may have (init < (u in the central portion. The subsequent evolution may lead to an initial increase in the self-heating towards centre of the domain, but a cooling in the outer region which ultimately counteracts the self-heating: the system finally approaches the lower, stable steady-state profile, as shown in figure (a). Alternatively, the growth in the central region may be sufficiently strong to overcome the cooling in the outer region, leading ultimately to thermal runaway, figure (b).

Gray and Scott (Combustion and Flame, 1985) determined the critical initial uniform temperature 

 as a function of the Frank-Kamenetskii parameter ( ( (cr for the three Class A geometries under FK boundary conditions. 

[image: image4.png]10
q

ner

5

0 7 :





The central temperature excess (0u for the unstable profile provides a rigorous upper bound on 

 

Over a relatively wide range of ( the critical initial temperature can be reasonably approximated by






with a = 0.8, 0.6 and 0.4 for slab, cylinder and sphere respectively. 

An estimate of a lower bound for 

 can also be given. 

The application of these predictions to a real scenario - the spontaneous ignition of piles of sugar cane residue ‘bagasse’ - showed that the absolute critical initial temperature was relatively insensitive to the external ambient temperature over a relatively wide range of conditions. 

Even for systems that eventually develop to thermal runaway, the temperature at any non-central location may initially decrease with time before the development of full ignition. Thus, any inference that a reactant mass is ‘safe’ based on the observation of a falling internal temperature measured at some non-central point may be misleading and care needs to be taken in positioning monitoring devices, even in apparently subcritical piles.

_1015088868.unknown

_1015088870.unknown

_1015088866.unknown

_1015088867.unknown

_1015088865.unknown

