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ABSTRACT

Cellular structure of gaseous detonation waves had been simulated extensively in recent years [Taki 1978, Schoffel 1988, Lefevre 1993]. However, the structure became more complex when multistep chemical kinetics were considered [Oran  1998]. This paper was focused on the reaction zone characteristics of a detonation wave in 2H2/O2/7Ar mixture with detailed chemical reaction model . 

To simulate a detonation wave propagating in a channel, the two-dimensional governing equations with a 19 elementary reactions model were solved with a simplified WENO scheme and Runge-Kutta time integral, with which shock and detonation waves can be captured effectively. Chemical kinetics integrals were carried out with chemical kinetics solver, which was coupled with flows by time-splitting method. In order to increase the precision of reaction, the temperature of flows was solved implicitly, and iterated after each time-step of reaction and flow calculation. The computations were also paralleled by PVM techniques to increase the efficiency of integration. After introducing initial perturbation to chemical reaction of a one-dimensional solution placed on two-dimensional grid, the plane detonation wave develops to cellular structure. 

The induce length to ignition showed that the induce length behind Mach stem is much shorter than behind incident wave. The triple collision process encircles unreacted gas pocket behind incident wave. On the other hand, transverse waves shorten induce length behind incident wave and their collisions before triple collision make a unreacted gas pocket  separated into two parts. According to different chemical reaction characteristics, a detonation cell can be divided into five parts. Analyses also showed there is only small part of a cell the detonation overdriven. Vortexes in the reaction zone were calculated, which showed two formation mechanism: jets and contact discontinue instabilities after Mach stem. Vortex/vortex and vortex/transverse wave interactions make vortexes cover more areas of reaction zone with higher temperature and less density. The properties of each species in reaction zone were also analyzed, which showed that all the active species could be classified into three groups by their magnitude of concentration or by their changing behavior. O, H and OH showed more sensitive to temperature fluctuation caused by vortexes and transverse wave areas. Then how our results effect the reduced chemical kinetics schemes was also discussed [Peters 1993, Williams 1998].
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