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Numerical investigation on unsteady flow structure in supersonic inlet
coupled with pulse detonation engine combustor
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Abstract: The flowfield in a supersonic inlet coupled with a pulse detonation engine
(PDE) combustor and nozzle was numerically studied by an unsteady CFD method involving
chemical reactions. Emphasis was placed on the flow structure of the supersonic inlet which
was unsteadily interfered by the detonation wave and its reflected shock. A comparison of
the performances of the three models using different coupled methods was also conducted.
Results indicate that by injecting premixed fuel and oxidant into the combustor, stable and
self-sustaining detonation wave is successfully generated in the combustion process. Due to
the pressure perturbation caused by the detonation wave, a shock system and a reflected
shock are generated in the duct. Mutual interference between them is observed, and it is
found that their transformation in the duct has affected the oscillatory amplitude of the shock
system. By comparing the flow characteristics of the three models with different coupled

methods, it is noted that due to the buffering effect of the combustor head wall and the
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effect brought by the reflected shock, the two models which employ the abrupt diverging
conjunction of the inlet and the combustor are able to deposit a majority of the compressed air
in the combustor, which in turn significantly weakens the interference between the inlet and
the combustor and makes a contribution to the stability of the inlet. Furthermore, the con-
cave combustor head introduced can accommodate an extra volume of the high density com-
pressed air, which results in a further reduction of the detonation-induced pressure, and

leads to a larger stability margin of the inlet for the pulse detonation engine.

Key words: supersonic inlet; pulse detonation engine; coupled flow field;
abrupt diverging conjunction of the inlet and the combustor;

concave combustor head
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Fig. 1 Configurations of different computational models
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Fig. 3 Adopted computational grids of the base model
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Table 1

Comparison of the compressed mass flow of different models (the moment when the shock train

reaches its farthest upstream position)

Model my/g

m /g

my/g

ms/g

m, /g m./g A%

1 9.10
2 9.10

3 6.69

4.06
7.02

5. 64

.16

wl

2. 60 8. 63

1.26 8.58 5.71

0. 54 0.32 6.41 4.19
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