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Figure 1 (Color online) Schematic diagram of the calculation model.
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Figure 2 (Color online) Structural characteristics of the oblique
detonation initiation zone. (a) Temperature contours, (b) local density
gradient contours.
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Figure 3 (Color online) Characteristics of oblique detonation flow
fields under different grid resolutions. (a) Temperature contour lines, (b)
pressure distributions along y =+ 0.2 and + 0.25 m.
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Figure 4 (Color online) Oblique detonation flow field structures
induced by a viscous wedge (a) and a blunt wedge (b).
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Figure 5 (Color online) Characteristics of stratified incoming flow
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oblique detonation region.
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Figure 6 (Color online) Influence of different stratification positions on the initiation characteristics of oblique detonation. (a) X, = 0.225, (b) X, =

0.45, (c) X, = 0.85.
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Effect of hypersonic stratification gas inflow on the initiation
characteristics of oblique detonation
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Oblique detonation is a typical premixed combustion mode. Characteristics such as the equivalence ratio and uniformity
of combustible gases ahead of the detonation wave exert a significant influence on the initiation characteristics of the
oblique detonation wave. The external-injection oblique detonation engine couples the fuel injection system with the inlet
system to increase the mixing and evolution length of fuel with the high-speed air flow, but it may result in the fuel
penetration depth failing to cover the height of the combustion chamber of the oblique detonation engine (ODE). In this
study, the two-dimensional Navier-Stokes equation coupled with the Euler equation based on a detailed chemical reaction
model is employed to investigate the effect of the airflow stratification induced by inadequate fuel coverage of the
oblique detonation combustion chamber on the oblique detonation initiation characteristics. The results indicate that
when the airflow adjacent to the wedge surface is air, the detonation initiation length increases with the increase in
stratification thickness, while the initiation structure remains nearly unaffected. In contrast, when the stratified layer
consists of low-equivalence-ratio combustible gas, the initiation distance also gradually increases with the decrease in
equivalence ratio. Notably, this scenario may induce a transition in the oblique detonation initiation structure from an
abrupt type to a gradual type. This phenomenon is primarily attributed to the strong dependence of the oblique detonation
initiation structure on the evolution of the upstream chemical reaction zone; variations in the stratified equivalence ratio
directly regulate the structural characteristics of the chemical reaction zone downstream of the oblique shock wave. This
study focuses on analyzing the influence mechanism of stratified gas characteristics on the oblique detonation initiation
characteristic, aiming to provide insights for the matching design of the combustion chamber and inlet system in ODEs.

oblique detonation, stratified gas, initiation characteristic, equivalence ratio, ODE
PACS: 47.40.Ki, 47.55.HD, 47.40.Rs
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