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Thermo-fluiddynamics of Continuous Operations of Pulse Detonation Engines
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Abstract
A PDE equipped with the rotary-valve was constructed. Fuel, which is hydrogen, was injected through a solenoid valve.
Punched plates were used to promote mixing of fuel with air. In this paper, multi-cycle operations for 25Hz, 3.5 second were
conducted. It was investigated that what kind of hole shape, number of fuel injection port, equivalence ratio, fill fraction were
effective for the mixing and subsequent detonation process. As a result, equivalence ratio of about 1.1 is the optimal value for

this equipment.
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Fig. 1 Schematic of experimental apparatus
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Fig. 2 Time sequence of 1 cycle (25Hz)
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Table. 1 Experimental Conditions (3-1)

Kind of Plate Pairs P3-N P3-P6 | P5-P6 N-N

Equivalence Ratio 0.916 | 0.913 | 0.916 | 0.906

Purge Fraction 1.7 1.7 1.7 1.7

Fill Fraction 1.47 1.47 1.47 1.47

Table. 2 Experimental Conditions (3-2)

Data Number #1 #2 #3
Equivalence Ratio 0.906 1.04 1.11
Purge Fraction 1.7 1.7 1.7
Fill Fraction 1.47 1.53 1.56
#4 #5 #6 #7
1.17 0.941 0.938 0.909
1.7 1.85 1.54 1.54
1.58 1.26 1.7 1.69

Table. 3 Experimental Conditions (3-3)

Fuel Injection Port Number 2 4
Equivalence Ratio 1.11 1.1
Purge Fraction 1.7 1.7
Fill Fraction 1.56 1.55

Table. 4 Experimental Conditions (3-4)

E.R 1.08 1.01 0.845
P.F 1.23 1.07 1.07
F.F 1.55 1.75 1.66

T.S 10.5-9.5-1-12.3 9.5-10.5-1-12.3 9.5-10.5-1-12.3

Fig.4  Accurate Regulator
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Fig .6 Detected detonation rate about mixture plate
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Fig .7 Detected detonation rate about mixture plate
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Fig.8 Detected detonation rate about E.R, F.F
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Fig .9 Detected detonation rate
port number 4 (#1), 2 (#2)
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Fig.10 Detected detonation rate (30Hz)
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Fig.11 Pressure and ion probe profiles: (30Hz)
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Fig.12 Propagation velocity of each cycle at 30Hz
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Fig.13 Non-dimensional pressure of each cycle at 30Hz
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