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Non-equilibrium plasma of a pulsed nanosecond discharge can be used as an initiator of 

combustion process in gaseous mixtures. It was shown in [1-3] that, at the temperatures close to 
the ignition threshold, the time between the start of the experiment and a sharp increase in gas 
temperature and radical concentrations in combustible mixture (the autoignition delay time) 
decreases significantly when a short pulsed high-voltage discharge is applied to the system in the 
beginning of the experiment. Based on a detailed description of the gas discharge and combustion 
kinetics the kinetic mechanism of the plasma effect on ignition delay has been proposed in [3].  
The production of electrons, ions, atoms, radicals and excited particles in the discharge and its 
near afterglow was calculated using the experimental data on E/N(t) and I(t) in the discharge. The 
analysis showed that by the beginning of the ignition process all active particles have been 
transported into atoms and radicals. The combustion kinetics was calculated using the standard 
mechanisms [4-6] with additions of these species.  A good correlation has been obtained between 
the experiments and calculations for the decrease in the ignition delay time.  
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Fig. 1 Scheme of the experimental setup. ShT: shock tube, FL: ferrite line, EP: end plate, CG: capacitive 
gauge, CMG: current magnetic gauge, A: cross-section of measurements 

It has been shown that the main difference between the autoignition and ignition assisted by 
nonequilibrium plasma is the developed kinetics of intermediates during the induction delay 
period in the case of plasma assisted ignition (PAI). Further discussion concerning the mechanism 
of PAI and detailed behaviour of the kinetic curves for different components needs thorough 
experimental kinetic data. We propose a new experimental scheme to control the emission of 
different components in study of plasma assisted ignition. The discharge chamber combined with 
the shock tube has been described in details elsewhere [1, 2]. Here, we use the picosecond streak-
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camera C5680 (Hamamatsu), which allowed us to obtain time- and wavelength-resolved images 
of the discharge and subsequent combustion in the single-shot experiments.  The emission in the 
wavelength range of 200-800 nm was focused on a 6 mm fotocathode of the camera. Spectral 
calibration was made using mercury, deuterium and neon lamps. Two capacitive gauges and one 
current detector were used to measure electric field and deposited energy in a nanosecond time 
range. Emission of separate molecular bands (typically CH emission at 431 nm) was additionally 
measured in a microsecond time range using a monochromator and photomultiplier. The scheme 
of measurements and synchronization is shown in Fig. 1.  
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Fig. 2 (a): CH emission at 431 nm vs time registered with photomultiplier and  with streak-camera; (b) 
discharge and flame spectra registered with a streak-camera. 

The preliminary results of the analysis of the streak images for propane:oxygen 
stoichiometric mixture diluted with 90 % of Ar (C3H8:O2:Ar=1:5:54) are given in Fig. 2. The 
discharge amplitude was 110 kV and the discharge duration was about 50 ns. Typically we 
observed one or two electrical reflections for 1 µs.   

In the regime shown in Fig.2, the ignition delay time is equal to 3.5 µs, this can easily be 
derived from the temporal behaviour of the emission (Fig. 2a). The initial pressure and 
temperature were P=0.3 atm and T=1650 K, respectively. At the same values of P and T, the 
autoignition delay time would be 150 µs. Emission signals taken with monochromator and 
photomultiplier, and with a streak-camera, are similar.   

Spectral analysis of the images obtained leads to the following conclusions: typically, for 
our experimental conditions, the emission from the discharge is more intensive than the 
combustion emission (Fig. 2b). In the discharge spectrum, the CH emission (peak 1 in the Figure) 
and Swan bands of C2 are clearly seen (peaks 2, 3, and 4, respectively). A trace amount of 
molecular nitrogen causes overlapped bands of the 2+ system in the UV region. In the combustion, 
CH and C2 bands are most intensive. Thus, the proposed experimental scheme allows to study the 
kinetics of intermediates under single-short PAI experiments.   
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