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The research was carried out in relation to the problem of initiation of gaseous detonation in a pulsed 
detonation engine. It was shown in [1] that, for facilitation of detonation initiation, it is desirable that the 
sonic speed and the temperature be as low as possible, which is the case in a fast ionization wave (FIW). 
It is also important to ionize, excite, and heat the gas in a bulk volume and within a short time [2].  

The experiments were carried out in a cylindrical Plexiglas discharge chamber covered with a 
grounded shield from the outside. The air-filled discharge channel diameter was 6.5 mm, the 
interelectrode gap in the experiments was 150 mm. The pin-like high-voltage electrode was placed 

inside the channel. The grounded 
electrode was at the output of the 
channel. The discharge was 
initiated by an 80—90 kV pulse 
with a 20 ns rise time and a 50 ns 
FWHM (Fig. 1). The pulse was 
delivered via a 50 Ohm coaxial 
line from a Marx generator. The 
grounded coaxial shield had a slit 
along the discharge channel to 
allow visual observation of 
discharge development through 
the plexiglas sidewall. A 
Hamamatsu C5680 streak camera 
was used to capture the temporal 
development of the discharge. The 
camera streak sweep time could 
be varied from 5 ns to 1 ms. The 
discharge cell channel, with 
transverse dimensions of 6.5 x 

150 mm, was projected with a short-focus lens onto the rectangle photocathode with a size of 0.15 x 6 
mm. The streak imaging was performed for discharge development in air at different initial pressures 
from 0.03 to 737 Torr. The corresponding images are shown in Fig. 2. The discharge propagated from 
the positive high-voltage electrode on the left towards the ground electrode on the right. The sweep was 
performed downwards, that is, the time axis is directed downwards as well. The discharge development 
occurs at high overvoltage values due to a relatively short rise time of the high-voltage pulse and due to 
the geometry of the discharge cell. During the initial stages, a streamer or an FIW are seen propagating 
towards the grounded electrode. The velocity varies from 3.5 mm/ns at 737 Torr to 60 mm/ns at 1 Torr. 
When the wave reaches the grounded electrode, a return stroke starts propagating over the pre-ionized 
gap (Fig. 2, (a, b)).  

Two major modes of discharge development have been observed under the experimental 
conditions: a nanosecond spark heating the gas significantly and a streamer exciting the gas 
nonuniformly along the channel. Different discharge development modes resulted in two different 
mechanisms of DDT. The spark ignites the mixture simultaneously over the volume of the discharge 
channel, producing a shock and a flame wave. The flame wave is formed after an ignition delay time 
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Fig. 1. Incident high-voltage pulse shape. 
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governed by the heating level due to the energy input in the discharge. After the coupled waves reach a 
certain velocity, an adiabatic explosion occurs, resulting in a DDT. At an initial pressure of the 
stoichiometric propane-oxygen mixture of 0.3 bar, the DDT length and time do not exceed 250 mm and 
300 ¹s in the smooth detonation tube with a 20 mm transverse size, respectively. 

 

 
Under streamer initiation, a gradient mechanism of DDT similar to that proposed by Zeldovich has been 
observed. An ignition delay time gradient is formed in the mixture due to the nonuniform excitation by 
the streamer. The spontaneous combustion wave originates at the hottest spot next to the high-voltage 
electrode tip and propagates along the channel at a velocity over 1500 m/s, accelerating up to the C-J 
velocity value at the channel output. The DDT time in this mode amounts to 150 µs and the DDT length 
does not exceed 50 mm, whereas the initiation energy is within 1 J, which is by two orders of magnitude 
lower than the energy of direct planar detonation initiation.  
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Fig. 2. Streak images of discharge development in air at various pressures. 

Fig. 3.  Infrañred sensors (IR) and pressure transducers (PT) traces. DDT at an initial pressure of 1 bar, 
streamer mode (left). Time-resolved ICCD imaging of fuel mixture ignition inside the discharge 
channel. DDT at an initial pressure of 1 bar, streamer mode (right). 
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