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Recent experimental works on detonation in gaseous nitromethane (CH; NO>) [1,2] and in
gaseous reactive mixtures, using NO, as the main oxidizer of fuels [3], have revealed the
existence of a new double cellular structure (Fig. 1) on large range of equivalence ratio ¢
of the mixture. Numerical studies have shown that this is the consequence of a reaction
heat release in two successive exothermic steps.

Fig 1. Example of double detonation cellular structure in H2-NO2/N204
mixture at p0 = 0.5 bar and TO = 293 K, for equivalence
ratiop = 1.1

The specific chemical kinetics of oxidation of a fuel by NO; is responsible of that
phenomenon. This kinetics lies on two different time steps of NO, conversion, i.e.:

- the first very fast step of consumption of O,, when NO; is being transformed completely
into NO and,

- the second delayed and slower step of transformation of NO into N, by a subsequent O,
consumption and/or into N, and O, by NO decomposition, depending on the equivalence
ratio ¢.

The characteristic chemical time of the first step , of the order of 10 ns (maximum of heat
release rate) is always defined, while the existence of the second one depends on whether
this reaction step can be characterized by the existence or not of a second local maximum
reaction rate. Then, the existence of one or two chemical characteristic times explains
respectively the existence of a single or a double cellular detonation structure.

Experimental and numerical one-dimensional studies of detonation in Hz- NO2/N,O4
mixture at ambient conditions illustrate this behaviour [3,4].



For ¢ > 0.8 and ¢ < 0.4, two distinct reactions steps (with their own chemical length)
appear in 1D steady ZND calculations using a detailed chemical mechanism of oxidation
of Hy by NO2/N,O,. These results explain the existence:

- of a double net of cellular structure of very different sizes for ¢ > 0.9: a large cell of
size A, including a smaller cell of size A, (at least one order of magnitude exists
between A, and A;) and,

- of asingle cellular net of size A, for 0.5 < ¢ <0.9.

Two-dimensional numerical simulations of detonation cell structure with two successive
exothermic reaction steps display either single or double detonation cell structure [5]
depending on the rate of the second reaction step relative to the first one.

Propagation of such a double cellular detonation in a tube of internal diameter d shows the
possible bifurcation of detonation propagation regime [4,6], depending on the relative
characteristic sizes A, and d, i.e.:

- when A, < d, a quasi-CJ detonation regime (high detonation velocity) with a double
cellular structure propagates in the tube,

- when X, > d, a low velocity, “non-ideal” detonation regime, supported only by the
heat release of the first step with the single cellular net of characteristic size A; is
observed in the tube.
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