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Numerical Analysis of the Pre-compression Process in

Radial Wave Rotor Combustor

ZHANG Fang-hao, LI Jian-zhong™ , GONG Er-lei, YAO Qian, ZHENG Ren-chuan
(College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

[ Abstract |

the pre-compression mechanism induced by complex wave systems under typical operating conditions was simulated and analyzed using

In order to reveal the unsteady flow characteristics during the pre-compression process of the radial wave rotor combustor,

three-dimensional unsteady simulations. The impact of pressure differential across intake and exhaust ports, as well as rotor speed, on the
propagation behavior of compression waves within the channels was focused on. The results indicate that as compression waves propagate
within the channels, they are influenced by the curvature of the curved channels, leading to wave reflection, refraction, and attenuation.
This results in energy loss and waveform distortion, which affect the propagation path and speed of the compression waves. Although a
higher pressure difference enhances the intensity of the compression waves, it exacerbates overfilling of the fuel and flow instability, in-
creases thermodynamic losses, and significantly reduces the isentropic compression efficiency. The rotational speed affects the propagation
characteristics of compression waves within the channels by adjusting the operational timing of the wave rotor. At 1 200 r/min, the open-
ing time of the intake port is extended, causing the compression waves to reflect and form expansion waves that propagate in the reverse
direction. This results in a pressure ratio within the channel of only 103% and a substantial decrease in isentropic compression efficiency.
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Fig. 1 Ideal wave system diagram of the working

process of radial wave rotor combustor
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Fig.2 Three-dimensional computational model and

monitoring channel setup of radial wave rotor combustor
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Fig. 3 Schematic diagram of the three-dimensional

mesh of the computational model
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Fig. 4 Pressure variation curves within the channel under
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different mesh sizes (mesh sizes ranging from

0.4 mm to 1.2 mm)

Fig. 5 Supercharging performance of the wave rotor under

different mesh sizes
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Fig. 7 Pressure comparison between numerical calculations and

experimental results at measurement point P9
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Fig. 9 Pressure contour map over time in the monitoring channel
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Fig. 10  Comparison of turbulent dissipation rates within the channel under different pressure differences
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