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1 Introduction

The application of rotating detonation combustion technology can greatly improve the performance
of traditional aerospace propulsion and power devices, and thus has received extensive attention from
the United States, Russia, and Europe in recent years. Based on numerous experimental and numerical
studies on gaseous rotating detonation wave (RDW) with H» [1-3], CHa4 [4,5] and other gaseous fuels,
the premilitary understanding are obtained on the propagation regimes of RDW[6-9]. These
achievements have laid a foundation for multiple engineering applications of rotating detonation
engines[10—12]. Compared to gaseous fuels, the liquid hydrocarbon fuels including kerosene is still the
best choice in the field of aviation, and it is inevitable to adopt kerosene for the future rotating detonation
engines. Nevertheless, the liquid hydrocarbon fuel has to undergo spray processes including atomization,
evaporation and mixing before reaction. In the rotating detonation combustor, there may also be a
complicated coupling between the spray processes and the detonation, which has negative effects on the
initiation and stable combustion of rotating detonation.

Previous experimental studies have shown that it is difficult to obtain the stable and self-sustaining
RDW using kerosene/air reactants at normal temperature [13,14]. In this study, the rotating detonation
combustion process fueled by kerosene/oxygen-enriched air is experimentally investigated. The
variation law of the propagation characteristics of kerosene two-phase rotating detonation wave and the
combustion modes are illustrated.

2 Experimental Set-up

As shown in Figure 1, the rotating detonation combustor used in the study consists of oxidizer plenum,
fuel plenum, injection plate, combustor and nozzle. The supplied fuel is RP-3, and oxidizer is oxygen-
enriched air with oxygen volume fration of 40%. Thirty coaxial swirl atomizors are circumferentially
placed on the injection plate. The inner and outer diameter of the combustor are 120 and 150 mm,
respectively. The length of combustor is 200 mm. A high-speed camera is placed behind the combustor
to capture the wave trajector in the annluar channel, and the frame rate is 30,000 fps.
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Figure 2: Photo of hot test of the rotating detonation combustor.

3 Result

As shown in Figure 3, complex combustion modes are observed in the experiments, including the
counter two-wave mode, counter four-wave mode, unsteady mode and mode switch of two-wave to four
wave. The evolution process and propagation characteristics of detonation waves are clearly illustrate
by the wave trajectory diagrams.
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Figure 3: Typical combustion modes shown by wave trajectory diagrams: (a) counter two-wave mode,
(b) counter four-wave mode, (c) unsteady mode and (d)mode switch of two-wave to four wave.
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Besides, the mass flow rate of oxidizer is varied from 0.5 to 1.25 kg/s, and the equivalence ratio is
varied from 0.5 to 1.0, to obtain the operation map of the given rotating detonation combustor. It is
found that with the increase of oxidizer flow rate, the decrease of equivalence ratio, the combustion
mode formed in the combustor gradually transits from the counter two-wave to counter four-wave mode.
The mode switch occurs in the intermediate parameter region where the stable modes form. For the
cases with low oxidizer flow rate and equivalence ratio, the detonation is failed.
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Figure 4: Operation map of rotating detonation combustor with kerosene/oxygen-enriched air:
m couter two-wave mode, I mode switch, O counter four-wave mode, X ignition failure.

4 Conclusion

The combustion phenomena in the kerosene/oxygen-enriched air rotating detonation combustor
equipped with coaxial swirl atomizors are experimentally studied. Various stable combustion modes
such as one-wave and counter two-wave mode, as well as mode switches and three types of detonation
quench are observed. The evolution process and propagation characteristics of detonation waves are
illustrated. The study shows that with the increase of oxidizer flow rate, the decrease of equivalence
ratio, the combustion mode formed in the combustor gradually transits from the counter two-wave to
counter four-wave mode. The mode switch occurs in the intermediate parameter region where the stable
modes form.
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