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One of the approaches for lean flames stabilization is thécapipn of plasma—assisted
burners, also referred to as plasmatrons. Mainly plasmstice based on arc, spark, or microwave
discharges, since they have been thoroughly studied aseérmireelatively simple designs at low
cost. The general problems of these approaches are sighiginargy consumption and short life
cycles due to overheating and erosion of electrodes. Theexemples provide 100 operating
hours while the necessary life cycle is approximately 100@hindustrial applications.

One of the main features of nanosecond gas discharge idfiteeefy in production of
nonequilibrium low—temperature plasma with high concaian of active radicals combined with
rapid heating of the gas. This is due to the high values ofaedelectric fields (50—500 Td)
which are present in the discharge channels at typical pakages of 10—20 kV. Under such
high fields, the energy input into the gas is branched betwagad heating and radical production,
which is mostly atomic oxygen in 1D excited state, as was shiow[1]. Also shown was that
atomic oxygen is extremely efficient in starting chain react and, thus, in promoting ignition.
High pulse amplitude up to 15—20 kV and short pulse duratib@0s—20 ns enable discharge
development in a wide range of pressures, temperaturesgasmdompositions with relatively
low pulse energy. The paper presents the intermediarytsesiithe development of a series of
plasmatrons driven by repetitive high—voltage pulsed saoond discharge. The tests have been
carried out in methane and automotive diesel fuel vaporsaida range of equivalence ratii.
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Fig. 1. Scheme of experimental setup for plasma—assisted flamiézsttibn.

The experimental setup consisted of the following systefig. (1): high—voltage pulse
generator (1), fuel— air supply, premixing and preheatipstem (2), plasmatron (3), reaction
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chamber (4), ground electrode (5), high—voltage electsvdder (6), heat insulation (7), un-
grounded thermocouple (8), multi-channel gas analyzeraa®00 MHz oscilloscope not shown
in the scheme.

The mixed flow to be ignited was directed through the plasomaiinto the thermally insu-
lated chamber (4). The chamber was made of a SiC tube, wrapa@dmm Fiberfrax thermoin-
sulating blankets and enclosed in a stainless steel cyliritlee discharge developed inside the
nozzle of the plasmatron, starting from the high—voltagetebde which also acted as a swirler.
The discharge is produced by 15 kV pulses generated at aeinegof 10 kHz in a 60 slpm air
flow. During the experiments, temperature and compositiod,(CO2, CH4) of the flow at the
outlet of the plasmatron were measured. The gas for analggssampled 5 cm above the plas-
matron. The thermocouple measurement of the products tatupe were carried out in the same
spot.

The main results with methane are presented in figure 2 instefrproducts of oxidation
of premixed methane—air flow at inlet temperatures of 400580 C. The gas flow rate was 30
and 60 slpm, the equivalence ratii ranged from 0.06 to 0.4.

The nanosecond spark created radicals during the stredrase pnd increased temperature
during the arc phase faster than radicals recombined. KNermglly created radicals initiated
chain reactions within times shorter than those of gas rgixinus efficiently igniting the flow in
the afterglow of the nanosecond spark.
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Fig. 2: Plasma-assisted stabilization of premixed methane—aiefl4eft: inlet temperature
400 C, flow rate 30 slpm. Right: inlet temperature 580 C, flote &0 slpm.
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