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ABSTRACT

As the first step of development of a small size rotating detonation engine (RDE) for student rocket project, a middle size

RDE which has a combustor with a 100-mm diameter, has been designed and examined its combustion characteristics.

Hydrogen and Air mixture gas was supplied up to 110 g/s of mass flow rate. The thrust and wavefront velocity were

measured as the function of equivalent ratio. Home-made pressure transducers made of PZT were employed to detect

propagated wavefront. Also, chemiluminescence of detonation front was visualized with a high-speed camera. Obtained

wavefront velocities indicated about 60 percent of Chapman-Juglet velocity due to unexpected deceleration of wavefront

inside an igniter. After the first experiment, the wavefront velocity inside the igniter was improved by increasing mass flow

rate of the igniter. The results were compared to literature and discussed to improve performance of the middle size RDE.
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Fig. 1 Internal propagation state of RDE.
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Fig. 2 Overview of Tokai ®100 RDE.

O BV Orfice SV CV_
N
qu Yev i

Fig. 3 Schematic diagram of the supply sys;em.
SV: Solenoid Valve, BV: Ball Valve, CV: Check
Valve, P: Pressure gauge.
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Fig. 4 Fuel and oxidizer supply structure of RDE.
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Fig. 5 Overview of ignior (unit: mm).
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Fig. 6 Experimental system for RDE.
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Table 1 RDE experimental conditions.
Fuel / Oxidizer H, / Air
Hydrogen : 1.9 -3.8
Air : 110 (Fixed)
Equivalence ratio [-] 0.8 and 1.0
Operating time [sec] 1.0

Mass flow rate [g/s]

Table 2 Ignitor experimental conditions.

Fuel / Oxidizer H,/ O
Hydrogen : 0.5
Supply pressure [MPa] Oxygen : 0.5
Equivalence ratio [-] 1.3
Operating time [ms] 200

Table 3 High speed camera conditions.
Flame rate [kfps] 50
Exposure time [ns] 200
Resolution [mm/pix.] 0.449
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Fig. 8 Waveform of PZT with ®0.79. Fig. 10 FFT result of visualization with ®1.0.
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Table4 RDE summarize experimental results.

Equivalence ratio Total mass Yelocity Velocity Velocit_y Thrust
flow rate (image) (PZT) (Acoustic)
Nominal Actual [g/s] [m/s] [m/s] [m/s] [N]

0.8 0.79%£0.00 | 113.7%£0.93 1139£8.98 1140£0.81 1140£0.47 23.21+0.79
1.0 1.0£0.00 | 116.9%+1.37 1090£4.78 1083£0.81 1090£4.78 21.611.60
1 T, t=2.0-5.0 msiZI U B PRKER T
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Fig. 11 FFT result of PZT ®1.0.
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Fig. 12 FFT result of visualization with ®1.0.
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Fig. 13 Visualization setup.
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Fig. 14 Visualization of combustion wave
(D=12 mm).
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Fig. 15 equivalence ratio vs Total mass flow.
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