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Cover illustration: Non-premixed hydrocarbon flame
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This year’s cover illustration, reproduced here as figure 1, depicts an image formed by a
short-time (1/1000 s) exposure of a non-premixed hydrocarbon flame. The flow is driven by
the buoyancy forces generated by the density difference from the combustion heat release
and resulting temperature rise. The Reynolds number for this buoyancy-induced, turbulent
flow is relatively low, estimated at a few thousand.

Figure 1. Non-premixed hydrocarbon flame.
Reproduced by permissio® 1971 Paul E
Dimotakis.
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Combustion in non-premixed hydrocarbon flames takes place on (or very near) the
unsteady, three-dimensional stoichiometric surface [1], i.e., the instantaneous surface on
which the fuel-air concentration ratio is at the stoichiometric-mixture value. An image
such as this relies on the light emitted from the hot, glowing soot particles generated
in sheet-like regions, on the fuel-side of the burning surface, by thermal cracking of the
complex hydrocarbon fuel.

Many hydrocarbon flames, both premixed and non-premixed, are characterized by
unsteady burning surfaces even though, to the much slower-response (around 1/10 s) of
the naked eye, they often appear as more or less solid (volume filling).

As can be seen, the ‘soot-sheets’ indicate a complex surface burning geometry that is
not simply connected and invites the use of fractal notions for its analysis [3-6]. This
has been an active area of research, some of which supports the proposal that (power-law)
fractal analysis is applicable to the description of isosurfaces in turbulence [7-13], while
other work suggests a scale-dependent fractal behaviour [14—-19]. Extensions to the original
fractal framework were recently proposed to accommodate the more general behaviour that
has been observed [20-22].
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