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Abstract

This thesis examines propagation behaviors of detonations in two- and three-dimensional tubes by numerical
simulations with compressible Euler equations.

Chapter 1 gives the background and the motivation of the thesis.

Chapters 2 and 3 reveal the propagation behaviors of pulsating and spinning detonations in three-dimensional
tubes, respectively. Pulsating detonation shows cyclic behavior in longitudinal direction. Spinning detonation
in a circular tube showed two propagation modes, namely steady and unstable mode. Steady mode shows
stable propagation without change in the shock structure. Meanwhile, unstable mode shows periodical
change in the shock structure. Complex Mach interaction periodically appears on the shock front. Spinning
detonation can maintain its propagation when acoustic coupling with transverse detonation is satisfied.
Chapter 4 treats two series of simulations of detonations propagating in a two-dimensional curved channel.
One is that channel width L is equivalent to 0.5A (A: simulated cell width) and that the ratio of outer and inner
radii R,,/Ri, is chosen as a parameter. Steady curved detonations with Mach reflection structure are observed.
The structures of three-shock configuration show good agreement with those estimated by three-shock
theories with and without chemical reaction. The other is that R,,/R;, is fixed as 1.5 and 2 and that inner
radius normalized by cell width R;,/A is chosen as a parameter. Curved detonation became more stable at a
larger R;/A. I applied the idea of quasi-steady solution to the numerical results and confirmed that the curved
detonation propagates steadily in the case that the radius of curved detonation is larger than the critical value.
In Chapter 5, double cellular detonations were numerically investigated in two-dimensional channel with two
successive chemical reactions. I successfully divided the double cellular detonation with two successive
exothermic reactions into two detonations, primary and secondary detonations, with a single exothermic
reaction, based on P-V relation of Rayleigh line and Hugoniot curves with the addition of the hypothetical
condition of intermediate initial state. The linear stability analysis of planar detonation and the soot rack
images of double, primary and secondary detonations showed that instabilities of primary and secondary
detonations are dominant to that of double cellular detonation with two successive reactions. I confirmed the
validity of division of two successive reactions to clarify the characteristics of double cellular detonation.

Chapter 6 gives the conclusion of the thesis.




