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Fig.1 Schematic of the oblique detonation engine and

the schematic of computational domain
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Fig. 2 Schematic of overlapping grids for wedge

surface movement
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Table 1 Comparison of numerical and theoretical predictions of the 1D detonation wave propagation

Result T.,/K P,/Pa Ve /(mes™H
Theoretical 2942 225737 1875
Numerical Ax=0.1mm 2946 219 505 1 885

Ax=0.2 mm 2945 218 467 1 888

Error (Ax=0.1mm)/% 0.14 2.76 0.53

Error (Ax=0.2 mm)/% 0.10 3.22 0.69
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Fig.3 Grid independence comparison results
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Fig.4 Temperature field of oblique detonation waves
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diagrams for L=100 mm and L=120 mm
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Fig. 6 Destabilization process of the unstable Mach stem structure
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Fig.7 Variation in the height of the Mach stem during
the control process for the stationary structure at

different movement speeds
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Fig.8 Evolutionary flow field of oblique detonation waves (with the stabilized Mach stem, and following this, the

wedge begins to move with a distance of 1. 5 cm and a velocity of 50 m/s)
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Fig.9 Evolutionary flow field of oblique detonation waves (with the stabilized Mach stem, and following this, the

wedge begins to move with a distance of 1. 5 cm and a velocity of 2. 5 m/s)
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Fig. 10 Temperature field of non-stationary oblique detonation flow at different instants
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11 RHEER RS R ; =1. 00 ms I FF 4R P8 BB, F2 2 BE 25 3. 5 cm , B3 U 50 m/s
Fig. 11 Evolutionary process of oblique detonation wave flow field: Adjustments to the wedge surface commence at

t; =1.00 ms, with a movement distance of 3.5 cm and a velocity of 50 m/s

P12 RHEE ORI AL AR, =0. 40 ms T 4R TR AT, B2 SIFE B 3. 5 cm, B 8 LA 50 m/s
Fig. 12 Evolutionary process of oblique detonation wave flow field: Adjustments to the wedge surface commence at

t, =0. 40 ms, with a movement distance of 3. 5 cm and a velocity of 50 m/s
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Fig. 13 Evolutionary process of oblique detonation wave flow field: Adjustments to the wedge surface commence at

t, =0. 12 ms, with a movement distance of 3.5 cm and a velocity of 50 m/s (the black solid line represents

the sound speed line)
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Fig. 14 Non-stationary structure undergoes control at
different instants, illustrating the changes in

the position and height of the Mach stem
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Dynamic response characteristics of wave systems to wedge
control in hydrogen-fueled oblique detonation engines

X1 Xuechen'?, NIU Shuzhen®, YANG Pengfei®, DU Wengiang®?, HE Guosheng® ™,
TENG Honghui®
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2. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China
3. State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics,

Chinese Academy of Sciences, Beijing 100190, China

Abstract: |Interference between oblique detonation waves and walls in confined spaces is inevitable. When these
detonation waves reflect and generate Mach stems, there is a sharp increase in total pressure loss in the airflow, lead-
ing to potential instability in the detonation wave system. Thus, flow control becomes a crucial method for stabilizing
oblique detonation combustion. This paper selects a hydrogen-air mixture, and for the first time applies the overlap -
ping grid technology to the numerical simulation of oblique detonation. The dynamic response characteristics of station -
ary and non-stationary detonation wave systems to different wedge movement strategies are compared. The study
finds that for the stationary reflection wave system, moving the wedge downstream facilitates the transition from a
Mach reflection structure to a recirculation zone structure, with the speed of wedge movement significantly affecting the
characteristics of wave system changes during the flow field evolution. For the non-stationary reflection wave system,
the development and merging of the Mach stem and the subsonic area downstream of the reflected shock are the main
causes for flow congestion and wave system instability. The evolution process of the oblique detonation reflection flow
field shows that only when the wedge movement can reduce the area of the subsonic region behind the wave and dis -
rupt the flow congestion structure within the flow field can the unstable detonation wave system be restabilized. The ef-
fectiveness of wedge movement control depends on the relative speeds of the Mach stem movement and the wedge
control speed, with the existence of velocity boundary during deceleration ( V,, = 1.52 Vs + 65) and acceleration (V,, =
1.56 Vst 92).
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