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Elucidation and modeling of wall chemical effect with plasma techniques and
combustion diagnostics
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Prediction of flame-wall interaction is of great importance for development
of downsized combustors. The solid wall imposes fluidic, thermal, and chemical boundaries affecting
flame characteristics. In this study, wall chemical effect caused by radical adsorption and
recombination on wall surfaces is investigated by using newly-developed two different types of
plasma techniques as well as combustion diagnostics. Firstly, adsorption of H and O radicals, which
play a key role in the wall chemical effect, are directly measured through molecular beam scattering

technique using a non-equilibrium plasma-driven beam source with an ultra-high vacuum chamber.
Non-equilibrium plasma jets are also employed to examine H and O adsorption at atmospheric-pressure.
In addition, H radical recombination are evaluated using a wall stagnation flame. The near-wall H2
concentration is analyzed by gas-chromatography and compared with numerical results using detailed
gas/surface chemistry.
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Fig. 1 A schematic of plasma molecular beam
scattering apparatus.
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Fig. 2 A schematic of experimental setup for an
atmospheric-pressure non-equilibrium plasmajet.
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Fig. 3 Experimental setup and corresponding numerical model for a methane-air premixed wall
stagnation flame: (a) a schematic of experimental setup, and (b) numerical model.
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Fig. 6 Radical chemiluminescence intensity under different H, or O, contents: (a) spatial distributions

of H intensity, and (b) spatial distributions of O intensity.
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Fig. 7 O chemiluminescence distributions near quartz, aluminaand Y SZ surfaces at Ty = 473 K.
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Fig. 8 Chemiluminescence intensities near quartz and Y SZ surfaces normalized by those near alumina

surface at Tw =293 ~ 673 K: (a) H, and (b) O.
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Fig. 9 Variations of near-wall H/H, concentration of H/H» concentration and surface coverage of H 64
for different recombination constants A of 10* ~ 10" s: (a) near-wall H profiles, (b) near-wall H,
profiles, and (c) surface coverage of H 6.
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Fig. 10 Measurement data for near-wall profiles of H, concentration on SUS321 and quartz walls: (a)
SUS321, and (b) quartz. The simulation data with different A, are also plotted here.
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