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Numerical Analysis of Rotating Detonation Engine:
Effect of Thickness direction and Scale effect

Kenta ZUSAI, Ayumu SAKURAZAWA, Makoto ASAHARA, Eisuke YAMADA, A.Koichi HAYASHI, Nobuyuki TSUBOI

ABSTRACT

The study about the detonation engine which is a high-performance pusher using a characteristic of the detonation is performed with many
institutes. RDE is one of the detonation engines where detonation propagates to circumferential direction in annular combustion chamber.
RDE can get a continuous thrust and can continue transmitting a detonation. However, there are many problems that should solve
sustaining of the propagation. In this study, we consider detonation propagation mechanism of RDE, and the transverse wave dynamics
and its radial direction mechanism are important to control detonation propagation. We focus on the transverse wave occurrence and
propagation, and its detail of mechanism of radial direction by 3-D numerical analysis. We report the influence of a scale effect provided
using a scale based on the actual machine size of the device of a past experiment.
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Table 1 Condition of experiment

Experimental value
Gas mixture H2/O2
Outer radius : d, 46 mm
Inner radius : dw 38 mm
Length : L 30 mm
Initial temperature 298 K
Initial pressure 0.1 MPa

Table 2 Condition of 2D numerical simulation

Scale 15 | 110 | 1/15
Gas mixture H2/O2
Grid number 6-z 1501x751 | 301x151 | 151x101
Grid size 6-z 10X100 pm
Manifold pressure 2.0 MPa
Manifold temperature 298 K
Micro nozzle area ratio 0.3
Stoichiometric ratio 1.0
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Fig.6 Pressure history
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Table 3. Condition of 3D numerical simulation

Gas mixture H/O2
Inner radius | Outer radius | 0.4 [mm] | 0.45 [mml]
Grid number r-0 -z 21X1201 X301
Gridsize r-96-z 2.5X2X2 [um]
Manifold pressure 7.0 [MPa]
Manifold temperature 300 [K]
Micro nozzle area ratio 0.0657
Stoichiometric ratio 1.0

Fig.11 3D structure of detonation front
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Fig.13 Unreacted gas pocket
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