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Abstract

Interest in shock-induced combustion has been revived in recent years due to the ongoing develop-
ment of high-speed propulsion systems, such as SCRAMjets and ram accelerators. Oblique detona-
tion waves (ODWs), which are essentially oblique shocks closely followed by a combustion front,
have been proposed as a means of rapidly converting latent chemical energy into thrust for these
applications. While the theory governing oblique detonation waves in the limit of very fast chem-
istry is relatively well understood, there is a comparative lack of understanding of ODW formation
under non-equilibrium conditions. The purpose of this study is to improve understanding of these
phenomena through modern experimental and numerical modeling methods. The computational
results were generated by a dedicated muliti-species, finite-rate chemistry CFD code developed by
the author. In order to develop an appreciation for the accuracy of the model, the numerical results
were compared to OH PLIF and schlieren imaging results obtained in the Stanford expansion tube
facility.

Rankine-Hugoniot and shock polar theory clearly describes a number of flow regimes based
on the frozen- and equilibrium-chemistry polar curves, and the wedge turning angle. Within one
range of turning angles, solutions on both the frozen and equilibrium polars are possible. Within
this regime, an actual supersonic, exothermic wedge flow will typically involve an initial frozen
oblique shock attached to the tip of the wedge, which transitions to an oblique detonation wave as
energy is released by combustion. The numerical model was used to investigate the critical role of
the energy-release rate in governing the characteristics of the transition process. A series of 16 test
cases was studied using the numerical model, for the same test gas mixture, freestream velocity and
temperature ithroughout, but varying the wedge angle and freestream pressure in order to vary the
energy release rate. Predicted characteristic ignition times, Tign, and equilibration times Tequii, were
computed for each case using calculated post shock conditions and constant density CHEMKIN-II
calculations. A prediction normalized reaction parameter was also calculated from the ratio of these
two timescales (N RP = Tquii/ Tign) for each case. The length of the domain studied in each case

was scaled to S x Tign. To summarize briefly, the results were qualitatively classified into three
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