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Diagnostics of reactive zone in premixed flames via acetone-OH simultaneous PLIF
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1. Objectives and Approaches

3. Results

Visualization of reactive zone based on Acetone-OH
simultaneous PLIF (Planer Laser-Induced Fluorescence) is
attempted to premixed flames and reactive zone imaging are
demonstrated for laminar and turbulent flame conditions.
In the present study, visualization of reactive zone is brought
by simultaneous measurement of unburned zone through
acetone (seeded into the fuel flow) and burned zone through
OH (naturally generated by combustion), instead of looking
for minor species formed only at thin reaction zone (like CH,
CHO, C2). One huge advantage of the present scheme is to
use only one laser and one detector combination to access
multiple flame quantities (shape of flame front, thickness of
the flame zone, local OH intensity) in wide range of
equivalence ratio of the mixture (φ=0.54~0.84). Applied
excitation line is 283.22nm, which corresponds to OH Q1(7)
(1,0) band absorption line and is within the acetone
absorption band to excite acetone and OH simultaneously.
Instantaneous 2-D reactive zone is imaged by single ICCD
camera with band-pass filter which transmits both acetone
and OH fluorescence spectra.

Figure A shows the previously-reported typical
acetone-OH simultaneous PLIF images for laminar
premixed flames formed over Bunsen-type burner.
Imaging center is 20mm above the burner surface and one
side of the flame edge is magnified. All images include the
apparent dark zone (i.e. non-signal zone) sandwiched by
acetone and OH fluorescence signals, and this corresponds
to the reactive zone as mentioned above. It is worthwhile
to note that the observed dark zone thickness varies
depending on the imposed equivalence ratio: the thickness
becomes thinner as the equivalence ratio close to unity. In
our previous study, 1-D theoretical results supports that the
observed thickness is quantitatively well-correlated to the
theoretically predicted value: the distance from fuel
decomposition point to the CH peak. The validity has been
checked in the wide range of the equivalence ratios.
Figure B shows selected 2-D PLIF images for turbulent
flames.
Turbulence is generated by perforated plate
mounted in the burner and turbulent flames considered here
are categorized in the laminar flamelet regime. [top] and
[side] mean the observed locations (80mm and 20mm above
the burner surface, respectively). As indicated, again,
apparent dark zone is observed in all images along the flame
surface. Well-known cusp formation (see (a)) and “pocket
structures” (see (b) and (c)) are properly captured.
Uncommon “dark spot” in the unburned area (in (a2) and
(b1)) as well as “OH spot” in the burned (hot) area (in (c2))
are also notified, at where inhomogeneous temperature field
may appear. These would be the result of complex 3-D
flame structure in the turbulent condition. Applicability of
the present scheme on further turbulent flame diagnostics is
expected.

2. Reactive Zone in the Present Study
In the present scheme, small amount of acetone is seeded
into the fuel flow as the tracer of the unburned zone.
Acetone is decomposed in relatively low temperature
(<1000K) thus a decrease of its fluorescence signal directly
indicates the fuel decomposition front (i.e. edge of the
unburned zone). On the contrary, combustion-generated
OH only exists post-flame zone where the field temperature
is high enough and is often used as the marker of burned
zone. Indeed, OH peak is located a bit downstream of CH
peak, where maximum heat release is expected. In this
sense, the edge of OH florescence regime corresponds to the
exothermic reaction zone. Finally, simultaneous acetoneOH PLIF gives “non-fluorescence zone” sandwiched by
acetone and OH fluorescence regimes. We define this zone
as “reactive zone” in the present study.
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Fig. 1 2-D PLIF images for laminar flames.
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2-D PLIF images for turbulent flames (φ =0.84)

