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Fig. 1. Schematic diagram of the experimental setup.
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Fig. 2. (a) Side view and (b) top view of premixed methane
and air microwave plasma discharge and combustion at mi-
crowave power of 1200 W and (c) top view of natural com-
bustion flame.
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Fig. 3. Infrared spectra of natural combustion of premixed
CH, and air and microwave plasma discharge enhanced
combustion (microwave power of 1200 W) at a series of

equivalence ratios.
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Fig. 4. Spatial distribution of emission spectra at a series of positions along z axis at the equivalence ratio of (a) 0.3 and (b) 0.6, re-

spectively, with the fixed total gas flow rate of 18 SLM and microwave power of 1200 W.
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Fig. 9. Plot of the rotational temperature determined from CN bands versus (a) the equivalent ratio at a series of microwave power

and (b) microwave power at various equivalent ratios, respectively, at a fixed total gas flow rate of 18 SLM.
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Fig. 10. (a) Measured spectrum of CN bands and candidate bandheads for calculation of vibrational temperature; (b) Boltzmann fit-
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Fig. 11. Plot of the vibrational temperature determined from CN bands versus (a) the equivalent ratio at a series of microwave

power and (b) microwave power at various equivalent ratios, respectively, at a fixed total gas flow rate of 18 SLM.
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Abstract

In this work, we carry out the experiments on an atmospheric-pressure premixed methane and air
microwave plasma discharge combustion with premixed methane and air to study the morphology, the spatial
distribution of species, and the temperature characteristics for various microwave power values and methane-to-
air equivalent ratios (@) at a series of measurement positions. The experimental results show that the equivalent
ratio of 0.4 corresponds to the limit value for lean-combustion of premixed methane and air. And for @ < 0.4,
the discharge flame is mainly characterized by the combustion induced by premixed methane and air microwave
plasma discharge, while, for @ = 0.4, the discharge flame is constricted into filaments radially, and the natural
combustion occurs in the region of low reduced electric strength and the combustion induced by plasma
discharge in the region of high reduced electric strength, which affect each other. The variations of emission
intensity of OH (A-X) band, NH (A-X) band and CN (B-X) band with the measuring position and the
equivalent ratio @ are measured by using optical emission spectrometry (OES). It is found that the discharge
combustion occurs in near afterglow and the combustion in far afterglow. And the vibrational temperature and
the rotational temperature of the plasma discharge combustion are determined by analyzing the emission bands
of CN(B-X) and the variations of both vibrational and rotational temperatures with equivalent ratio, exhibiting
very different varying tendencies for cases of @ < 0.4 and ¢ = 0.4, respectively. Finally, the reaction pathway
and mechanism are discussed on the basis of the comparative analyses of the emission spectra of CH, diffusion
combustion flame, premixed methane and nitrogen microwave plasma discharge, and premixed methane and air

microwave plasma discharge combustion.
Keywords: atmospheric pressure, microwave plasma, discharge, methane
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