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Abstract: In order to implement fast initiation of oblique detonation wave at low Mach numbers and to im-
prove its capability of resisting disturbance to unsteady inflow, an idea of controlling initiation of oblique detona-
tion wave by setting a small bump within its induction zone was proposed. Numerical simulations of oblique deto-
nation waves induced by wedges and bumps were carried out by solving the two—dimensional multi-species Euler
equations. Results show that initiation acceleration of oblique detonation wave can be implemented by setting a
bump within the induction zone, and the initiation location keeps relatively fixed for a relative wide range of Mach
number. There exist two initiation patterns for bump—induced oblique detonation wave, namely the strong cou-
pled initiation and weak coupled initiation, depending on the location relationship between the bump and the
oblique shock wave. Further, severe oscillation of wedge—induced oblique detonation wave would be induced by

inflow disturbance, which is disadvantageous to the stable operation of oblique detonation engine. A certain inhib-
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itory effect on the oscillation of oblique detonation wave induced by inflow disturbance can be observed with the

inclusion of a bump.

Key words: Oblique detonation wave engine; Bump; Initiation acceleration; Inflow disturbance; Flow
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Table 1 Inflow parameters of combustor at different flight
Mach numbers

Ma.,, Ma, p,/kPa T,/K u,/(m/s)
8 4.11 17.7 557 2273.9
9 4.41 22.4 618 2568.3
10 4.69 27.9 683 2862.2
11 4.94 34.2 753 31559
12 5.16 41.3 827 3449.4
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Fig. 1 Physical models: (a) an oblique detonation engine and (b) the corresponding computational domain of the ODW
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Table 2 Theoretical post-shock parameters of
corresponding OSWs at different flight Mach numbers

Ma,, p,/kPa T,/K 7, /s u,/(m/s) L /m
8 81.7 965 >100 2010 >0.5
9 113.0 1105 61.31 2286 0.150
10 150.5 1255 19.28 2560 0.049
11 196.3 1414 7.86 2834 0.022
12 253.0 1582 3.82 3109 0.012
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Fig. 3 Schematic of ODW induced by a wedge with a small
bump
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Fig. 4 Comparison of ODWs induced by a wedge with a
small bump (R=2 mm, L,=30 mm, Ma_=9) between inviscid
and viscous simulations
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Fig.5 Comparison of temperature contours of ODW induced
by a wedge with a small bump using different grid sizes
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Fig. 6 Comparisons of distributions of pressure,
temperature and H, mass fraction using different grid sizes
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Fig. 7 Temperature contours of ODW induced by a pure wedge at different flight Mach numbers
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Fig. 8 Temperature contours of ODW induced by a wedge with a small bump (R=2mm, L,=30mm) at different flight Mach

numbers
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Fig. 9 Initiation lengths of ODW with or without bump at
different flight Mach numbers
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Fig. 10 Temperature contours of ODW induced by a wedge
with a bump at Ma_=9 (The black lines refer to the sonic
lines)

Fig. 11 Influence of L, and R on the initiation pattern of
OoDW
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Fig. 12 ODW induced by a wedge at Ma, =9 under the
inflow temperature disturbance of N=9

Fig. 13 ODW induced by a wedge at Ma_=9 under the
inflow temperature disturbance of N=0.365
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Fig. 14 Temperature contours of ODW under the inflow temperature disturbance of N=0.365 at different time instants
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Table 3 Parameters of inflow temperature disturbances
and the corresponding oscillation periods of ODW

N A/m A T /ms T,/ms
0.365 0.4 0.1 0.1557 0.1548
0.365 0.4 0.2 0.1557 0.1548
0.146 1.0 0.2 0.3894 0.4182
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Fig. 15 Temperature contours of ODW of different initiation patterns
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Fig. 16 Time evolutions of location of ODW with or
without bump
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