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A Study on Multiple-cycle Operation of Pulse Detonation Engine
AL A KEY. HE MR VR RN ORJUK BB AL reE s

Shinsuke Endoh®, Daisuke Nakagomi', Teruo Yoshihashi? Tetsuro Obara?,
Shigeharu Ohyagi?, Motohide Murayama®

e
s

YEERRY KRR TR
Graduate School of Science & Engineering, Saitama University
PHITERY RO
Technical Support Division, Innovative Research Organization, Saitama University
3 PRttt 1H)

IHI Corporation

Abstract

A Pulse detonation engine (PDE) is an internal combustion engine that generates power due to
intermittent detonations. As an air supply method, many researchers used the solenoid valves. However, it is
unsuitable for air breathing engines which use air from the atmosphere. Then, for practical use there, the PDE is
expected to be equipped with some kind of rotary valves which can induce air intermittently from the
atmosphere. Although some researchers reported the results using such valves for the PDE, a detailed study of the
continuous operation PDE has not been reported yet, so it is meaningful to examine the behavior and the
optimization of the PDE with the rotary valve. For this object, it is experimented to prove a certain, continuous
operation of 40Hz by this device. The combustion test was performed for 30, 35, and 40Hz operations. The
performance was evaluated by two parameters, i.e., thrust F [N] and impulse per unit area leycie [Ns/m?]. As a
result, a 120 cycle, 3 seconds operation was able to be achieved by 40Hz. The impulse was decreased as the

operation frequency increased, although the thrust was slightly increased.
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Fig. 1 Schematic of experimental apparatus

Fig. 2 Shchelkin Spiral
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Fig. 3 Time sequence of PDE operation
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Table.1 Experimental condition (3-1)

Operation Frequency [Hz] 30
Operation Time [s 3.0
Time Sequence [ms] 11-9-1-12.3
Purge Fraction 0.38
Fill Fraction 0.60
Equivalence Ratio ® 2.5
Shchelkin Spiral Length
Unﬂﬂ 9 560
PDE tube Length [mm] 850
Configuration A | B [ C

Table.2 Experimental condition (3-2)

Operation Frequency [Hz] 30 | 35 | 40
Operation Time [s 3.0
Filling Time [ms] 8
Purge Fraction 0.42 | 031 | 0.24
Fill Fraction 0.51~0.52
Equivalence Ratio ® 2.2~2.4
Shchelkin Spiral Length
Dnﬂﬂ g 560
PDE tube Length [mm] 850
Configuration B
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20 mm pitch Shehelkin spiral tube

B AN GRERRERIRE  V

10 mm pitch Shchelkin spiral tube
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Fig.4 Combination of Shchelkin Spiral tube
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Fig. 5 Variations of combustion wave velocity with

each cycle for the experiment (3-1)
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Fig. 7 Variation of impulse and thrust with operation

frequency
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