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Fig.1 The schematic of a typical oblique detonation engine.
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Fig.2 The schematic of oblique detonation wave induced by spheres.
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Fig.3 The phenomena of combustion induced by shock wave (a: the shadow figure of Lehr's experimental
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results; b: the numerical temperature field that combustion mechanism was given in reference [21]).
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Fig.4 The ODW computation area, induced by wedge (left) and induced by a semi-cylindrical bump (right).
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Table 1 Inflow parameters under different flight Mach numbers

Ma P (kPa) T (K) V (m/s)
8 17.67 557.46 2273.92
9 22.38 618.12 2568.26
10 27.88 683.33 2862.23
11 34.17 752.90 3155.93

12 41.29 826.69 3449.41
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Fig.5 Results from the grid resolution study (without semi-cylindrical bump and Ma = 10).

Results from the grid resolution study.
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Fig.6 Results from the grid resolution study (a semi-cylindrical bump with a radius of 4 mm and Ma = 9).
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Fig.7 The ODW flow flied under different Mach numbers (Isobaric line and the mass fraction of hydrogen).
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Fig.8 Relationship between the coordinates of the detonation point and the Mach number.
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Fig.9 Flow fields under different radii at Mach 9 (Isobaric line and the mass fraction of water).
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Fig.10 Resistance changes with the bump's radius, Ma = 9.
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Fig.11 The backflow area behind the bump: R = 4 mm (left), R = 12 mm (right).
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Fig.12 Flow fields with a bump radius of 2 mm, Ma = 8, 10 (Isobaric line and the mass fraction of water).
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Fig.13 The flow field downstream of the oblique detonation wave at Ma = 8 (numerical schlieren and

temperature field).
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Table 2 The distances of wedge-induced oblique detonation waves and semi-cylindrical bump with a

radius of 2 mm induced oblique detonation waves at different Mach numbers

Ma BB R (mm)  PINECEE HERE S (mm)
8 > 500 16.5
9 262.6 23.1

10 103.0 25.2
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Numerical investigation on initiation acceleration of oblique detonation wave at

wide-range Mach numbers"!
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Abstract: Oblique detonation engines (ODEs) are characterized by simple structures and high thermal
cycle efficiency, which possess significant potential applications in the development of air-breathing
hypersonic aircrafts. As ODEs are always designed at high flight Mach numbers, compression angles of
the engine are designed at relatively smaller values to reduce drags and compression losses. At this time,
when flight Mach number decreases, the static temperature of the premixed combustible gas behind the
oblique shock wave would decrease accordingly because of insufficient compression, leading to large
induction distance of the oblique detonation wave in the combustion chamber or even failure of initiation.
Therefore, for wide-range Mach number applications of ODEs, this paper proposes a method for initiation
acceleration of oblique detonation wave by setting a semi-cylindrical bump on the inner wall of the ODE
combustor. The numerical simulation results show that the introduced semi-cylindrical bump can
accelerate oblique detonation wave at a fixed position under the condition of low Mach number, and the
oblique detonation wave is still stability.

Key words : oblique detonation wave; wide-range Mach number; initiation acceleration; ODE;

semi-cylindrical bump; numerical simulation
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