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A Study on Highly Turbulent Premixed Flames in a Cyclone-Jet Combustor
(2nd Report, Investigation on Flame Microstructure with an Electrostatic Probe)
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To examine flame structure in turbulent flow, we have established highly turbulent flames of a
propane-air mixture in a cyclone-jet combustor, and have measured ion current by an electrostatic
probe. Based on the measured flow field by a hot wire anemometer, we have obtained turbulence
characteristics in the non-reacting flow, and have plotted them on the Peter’s phase-diagram to
classify the micro-structure of turbulent flames. From the ion current characteristics and tomogra-
phic images of flames, we have discussed the flame structure and turbulence. Results show that, as
the exit velocity is relatively low, a wrinkled laminar flame is formed. As the exit velocity is further
increased, the flame wrinkling is intensified to increase the fluctuation in wave of ion current. When
the velocity exceeds 30 m/s, the PDF of ion current is no longer that of a wrinkled laminar flame,
which shows that, with turbulence, one continuous flame sheet cannot be sustained, and the destruc-
tion of laminar flame structure occurs, in which small reacting eddies in an intermediate stage of
combustion are embedded. It appears that the flame structure changes from the wrinkled laminar
flame to those with distribution reaction zone.

Key Words: Premixed Combustion, Turbulent Combustion, Flame, Turbulence, Electrostatic
Probe
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Fig.3 Axial distributions of (@) mean ion current, and
(b) rms fluctuating ion current, @»=0.75
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Fig.5 Axial distributions of integral scale, Taylor
microscale and Kolmogorov microscale for Un
=30m/s, @®»=0.75
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