A Study of DDT Process and Performance for Pulse Detonation Engine
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A pulse detonation engine (PDE) is the propulsion systems that obtain thrust by the repetitive detona-
tion. Because the detonation has a much greater propagation velocity than the deflagration wave,
thermal efficiency of PDE is close to that of the constant volume cycle. Many researchers estimate that
the PDE cycle exceeds the conventional Brayton cycle aswell as Humphrey cycle[1].

A substantial effort in PDE research was done by Nicholls et a. [2]. They demonstrated cycle op-
eration at 35 Hz with hydrogen-air mixtures and attained a fuel specific impulse of 2100 sec. From a
practical perspective for volume limited propulsion applications, PDES operating on liquid fuels need
to be demonstrated. It is highly desirable that PDE use combustible fuels which have aready been ap-
proved by the aviation industry (e.g., JP-10) [3]. Unfortunately, these fuels are insensitive to detona-
tion so that we considered hydrogen-air PDE due to the increased detonability versus practical liquid
hydrocarbon fuels. For hydrogen-air mixtures, Aarnio et al. [4] reported afuel specific impulse ranged
from 1116-1333 sec and cycle frequency up to 5 Hz and Schauer et al. [5] reported a fuel specific im-
pulse of 4000 sec, which agrees well with that of the theory [6], and cycle frequency up to 40 Hz. But
there are few examples that provide the pressure history and specific impulse beyond the cycle fre-
quency of 20 Hz. Therefore, it is necessary to demonstrate the feasibility of multiple cycle operation of
a PDE. One aspect of ensuing high cycle frequencies is to promote rapid deflagration to detonation
transition (DDT).

The present study describes an experimental study of DDT behavior and performance in a pulse
detonation engine fueled by hydrogen-air mixtures. Specific impulse and fuel specific impulse was
investigated with the length of Shchelkin spiral and the length of the tube as parameters. A cycle fre-
quency up to 50 Hz was attained in this study and the pressure history and the dependency of specific

impulse on cycle frequency were obtained.
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A schematic of the apparatus is shown in Fig.1. It consists of a stainless stedl tube, which is closed
at one end and open at the other, with 30 mm in-diameter and 850 or 1,450 mm length. In the tube, the
Shchelkin spiral is inserted to enhance detonation transition. Two types of solenoid valve for the fuel
gas and oxidizer gas were used. Details of solenoid valve are listed in Table 1. In the present experi-
ment, four injectors for fuel (hydrogen) and air were situated in the opposite side for each other at the
same axial location. Table 2 shows the present experimental condition.

The tube is evacuated at first to remove the residual gas of the previous experiment. Then it isfilled
with a fresh air at the atmospheric pressure. The fuel gas and air were injected into the tube through
the solenoid valves mentioned above. In multiple cycle experiments, a purge air was injected at an ap-
propriate timing between cycles to purge the combustion products of one cycle. Amounts of the in-
jected gases were determined as they could fill the tube at an appropriate proportion in the closed tube,
athough it was not closed.

Figure 2 shows the pressure history on thrust wall and tube wall with an ionization current record.
Because of a location of the spark plug, a combustion wave propagates to both upstream and down-
stream. A sharp pressure spike was observed at the thrust wall. Its peak is about 45 times the initial
pressure so that it is believed that the overdriven detonation wave is formed due to the reflection of
pressure wave near the thrust wall. On the other hand, a combustion wave that propagates downstream
was observed to develop slowly to the detonation wave. When the detonation emerges from the tube, a
blowdown process begins with the propagation of rarefaction waves, which are indicated dot lines,
back into the tube. It is interesting to note that the detonations is initiated independently at the closed
end and at 600 mm downstream.

The multiple cycle system was developed and was confirmed to operate up to 50 Hz. Figure 3
shows the thrust wall pressure record for 10 cycles, 50 Hz. A sharp pressure spike shows the over-
driven detonation formed at the thrust wall. But in the downstream position at 700 mm, the detonation
was extinguished to decay to a shock wave.

Figure 4 shows the dependency of specific impulse on the cycle frequency. It is revealed that the spe-
cific impulse depends on the frequency so that the combustion process per cycle may not be affected

by the cycle frequency up to 50 Hz. This means that time averaged thrust linearly increases to the cy-



cle frequency that is agree with the results of Schauer [5].

In summary, the DDT process and impulse performance were investigated in the experimental PDE.
It was observed that the overdriven detonation was caused by the reflection of pressure wave in the
vicinity of the thrust wall. A characteristic feature of this device was that two detonations were oc-
curred independently at upstream and downstream of the location of ignition plug. Although it is
doubtful that the fully developed detonation wave was formed, it was demonstrated that cycle fre-
quency could be increased up to 50 Hz in this engine. It was revealed that the specific impulse did not
depend on the cycle frequency so that the thrust should be linearly increased with the frequency in this
range.
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