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Table 1 Oscillating frequencies at different grids

using Jachimowski reaction mechanism

Grid Frequency/kHz
201x151 422.3
201x201 423.4
201x301 422.5
251x201 424.7
301x201 425.3
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Table 2 Characteristic time and oscillating frequency of

different mechanism at Ma = 4.48

Mechanism Induction time/s Release time/s Frequency/kHz

J 2.01x10~6 4.07x10~7 424.7
B-W 2.24%x1076 3.12x10~7 425.8
JM 2.61x106 4.46x10~7 400.9
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H4+HO>;=20H B-W mechanism o
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Fig.4 Sensitive analysis of different mechanism
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Fig.5 Stagnation point pressure history of different reaction mechanisms at Ma = 4.48
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Table 3 Characteristic time and oscillating frequency of

different mechanism at Ma = 4.79

Mechanism Induction time/s Release time/s Frequency/kHz

J 9.57x10~7 3.41x10~7 714.5
B-W 9.87x10~7 2.55%x10~7 —
T K.
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Fig.7 Mach number contours and density-time distribution by J mechanism at Ma = 4.79
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Fig.8 Characteristic time-temperature distribution by different reaction mechanisms at Ma = 4.79
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Fig.9 Forming process of local detonation by B-W mechanism at Ma = 4.79
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NUMERICAL RESEARCH ON BLUNT BODY SHOCK-INDUCED
OSCILLATING COMBUSTION PHENOMENA Y

Liu Shijie?) Sun Mingbo Lin Zhiyong Liu Weidong
(Institute of Aerospace and Material Engineering, National University of Defence Technology, Changsha 410073, China)

Abstract An improved uncoupled solver of non-equilibrium flow was used to split the axisymmetric Euler
equations for a reacting flow. Inviscid flux was calculated with fifth-order WENO scheme. Simplified implicit
formulation was adopted to deal with the stiffness generated by the chemical reacting source term of species
equations. Time integration was performed with two-order TVD Runge-Kutta scheme. At the flow Mach
number M of 4.48 and 4.79, shock-induced oscillating combustion phenomena around blunt body in H,/Air
mixture were calculated. It shows that the numerical results are more sensitive to the grid refinement on normal
direction than on flow direction. To get accurate solution, there must be enough grid nodes in the heat release
zone. At the flow Mach number of 4.48, sensitive analysis of different reaction mechanisms were studied. At
the given experimental conditions, the values of induction time calculated from J and B-W mechanisms are
close to each other and their calculated frequencies nearly equal to the experimental results. Density-time
distribution along the stagnation streamline from J and B-W mechanisms agree well with McVey-Toong theory.
Induction time calculated from JM mechanism is longer than others, and the calculated oscillating frequency
is lower than experimental results. At flow Mach number of 4.79, calculated frequency of J mechanism agrees
with experimental result. B-W mechanism is sensitive to fluctuations of flowfield, and its release time is short.
Fiercely oscillating combustion front would easily lead to local detonations, which made the pressure history of
stagnation point disordered. Due to using the fifth-order WENO scheme, relatively high-resolution of present

calculation can be obtained.

Key words oscillating combustion, uncoupled non-equilibrium method, chemical reaction mechanism, induc-

tion time, sensitive analysis
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