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Spectroscopic Measurements of a Spark Ignition
in Methane-Oxygen Mixture*

by Atsushi OHSAWA** and Keiichi ISHIKAWA***

Abstract . Spark ignition process was investigated by using spectroscopic techniques. The stoichimetric
methane and oxygen mixture (33.3 kPa) was used. Optical emission spectroscopy was used to determine the
species produced by discharge and combustion. Time variations of their optical emission spectra and time-
resolved imaging of light emission were used for investigating the spark ignition. To measure the spatio-
temporal evolution of OH radicals, 2 D-laser induced fluorescence (LIF) method was used.

Ignition energy was 5.1 mJ and the transfer duration of it was 0.7 us, when the voltage of 8 kV and the
capacitor of 500 pF were used. The distribution of the optical emission spectra showed that various species
were produced by the discharge and the combustion. The main detected species were C,, CO, CO,, CH, CH,,
CHO, CH,0, H, H,, H,0, O, O,;, OH. The waveforms of the optical emissions from them consisted of three
phases which corresponded to the discharge until ~2 us, the induction period of the ignition and the explosion
after ~1 us. It seems that the radical species are produced by dissociation collisions with electrons in the
discharge period and also produced by thermal reactions in the explosion period. The production of CO, CO,
and H,O implies that oxidation process occurs even in the discharge period. Then, the production of an initial
flame kernel could be expected at the end of the discharge, because thermalization by electron collisions
should be reached. Although the light emissions from the species between the peaks could not be detected by
a photo-multiplier, a gate-intensified CCD camera could detect them. The profile of the image of the initial
flame after the discharge did not change until ~50 us. Moreover the light intensity of it gradually decreased
and the images from 80 to 90 us almost disappeared. After the disappearance, the flame kernel suddenly
propagated after ~100 us. Therefore it was found that the ignition occurred between 90 and 100 us. The
velocity of the flame propagation was approximately 20 m/s. The fluorescence signal from OH radicals could
be detected after 30 us. The 2D profile of OH radicals gradually expanded until the ignition and it also
extremely propagated after the ignition. Furthermore it was found that OH concentration increased simulta-
neously at the ignition, because the fluorescence signal increased after 90 us. It was expected that the
additional heating by exothermic reactions involving de-excitation collisions could propagate the initial
flame.

Keywords ; Spark ignition, Methane and oxygen mixture, Spectroscopic diagnostics, Optical emission
spectra, 2 D-Laser induced fluorescence technique, OH radical
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Fig. 1 Experimental apparatus for optical emission
spectroscopy.
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Fig. 2 Experimental apparatus for the measurement of
temporal evolution of image profiles.
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Table 1 Detected species during spark ignition using -
optical emission spectoroscopy.
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Fig. 5 Temporal evolution of optical emission profiles. Upper trace shows a waveform of the total optical emission with

arrows that indicate the measured moments.
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