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Influence of equivalence ratio on characteristics of

continuously rotating detonation combustor

QI Lei, ZHAO Ningbo, ZHENG Hongtao,
MENG Qingyang, LI Zhiming
(College of Power and Energy Engineering,
Harbin Engineering University, Harbin 150001, China)

Abstract: Based on two-dimensional compressible Euler equation, a series of numerical
studies were conducted to investigate the effect of equivalence ratio on continuously rotating
detonation combustor (CRDC) using methane-air mixture. The developing process and lean-
burn extinction process of detonation wave were researched, and the influence of inlet equiv-
alence ratio on performance parameters was analyzed in detail. Results showed that, after ig-
nition, two collisions happened in the developing progress of CRDC from the unstable state
to the relatively stable state. Extinction happened in CRDC without happening of two colli-
sions when the inlet equivalence ratio was too low. With the decrease of inlet equivalence ra-
tio, the detonation wave propagation velocity, axial average velocity, outlet average temper-
ature and outlet average total pressure all showed a downtrend. The fundamental reason for
the downtrend of the pressurization ratio was that the decrease of entropy increase difference
between the rotating detonation combustion process and the isobaric combustion process re-

sulted in the decrease of the Gibbs free energy increment. The fuel residence time was at
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sub-millisecond level and the thermal efficiency was kept more than 99%.
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Table 1  Grid size independence validation (time step is 0. 2 us)

Ax/mm Lrot/ 1§ Atro / ps G/ (kg/s » m* AG,/(kg/s « m?) Dron/MPa Apr.ow/MPa
2 449. 8 577.9 1.4164
1 446. 7 —3.1 582. 4 4.5 1. 4286 0.0122
0.5 445.9 —0.8 581.9 —0.5 1.4423 0.0137
F2 HESKMIEEIE(MEREAD 1mm)
Table 2 Time step independence validation (grid size is 1 mm)
At/ ps Lot/ 18 At/ ps G/ (kg/s « m* AG,/(kg/s « m*) Proow/MPa Ap..ow/MPa
0.5 453.0 578. 8 1.4228
0.2 446. 7 —6.3 582. 4 3.6 1. 4286 0.0060
0.1 442.1 —4.6 581.2 —1.2 1.4417 0.0131
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