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Abstract

For the last 15 years we have been studying initiation and propagation of rapidly evolving processes in IR and
developing the instruments to capture the essential features of combustion phenomena. We present an IR optical
experimental setup to capture two spectral images of the same scene. We apply this technique to flame analysis in the
mid-IR to determine the combustion efficiency, as measured by the CO-gas production.

1. Introduction (Arial, 9pt, bold)

We are interested in exploring phenomena in )i
our environment in IR spectral region. Wild fires, and
more generally, all combustion processes are examples
of natural phenomena that human brain is not capable
of capturing and processing due to the rapidity of their
evolution [1-3]. Figure 1 illustrates several examples of
quasi-static combustion processes, indicating different :
spatial and spectral features.

Fig. 1: Examples of quasi-static combustion processes,
indicating different spatial and spectral features [4].

2. Combustion evolution in a controlled environment

Within a stovetop burner, the flame spreads rather rapidly, propagating around full rim within a second.
However, it may start at an arbitrary point in time after turn-on due to specific environmental conditions [5]. Figure 2
presents visible and IR images of the ignition process in a gas-stove (produced by Mabe, a Mexican subsidiary of GE),
initiated with an electrical spark. Among the challenges of the combustion measurements is the difference between the
flame, as observed by a human visual system that detects colors within 0.4 to 0.8 micron visual spectral band, and in IR,
where we record the increase in temperature that results as a consequence of the heat generated in combustion.

o

Fig. 2: Visible and IR images of the ignition process in a stovetop burner (GE), initiated with an electrical spark [6].
3. Experimental techniques

Two aspects of combustion are particularly challenging for implementing in experimental techniques. The first
one is in that combustion is a volume effect. Therefore, the generated radiation interacts with process by providing heat
to accelerate it. The calibration presents the second challenge: a comparison with a reference must be accomplished
concurrently. Figure 3, left, illustrates the phase measurement through the combustion volume, using a vectorial
shearing interferometry, clearly delineating the primary combustion region. On the right, we observe two images of
flames in different narrow spectral bands for relative comparison.
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Fig. 3: Shearing interferometry (left [7]) outlines the primary flame, while spectroscopy identifies gases (right).

4. Spatio-temporal evolution of flame

The third, and potentially most challenging aspect of combustion measurements is in temporal evolution of the

process. Even the stationary flames exhibit the so-called breathing, an oscillatory change in flame volume and intensity
with time. In Figure 4, we display the temporal evolution of flame for combustion with low (left) and high (right)
oxygenation during 1 second.
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Fig. 4: Twelve representative images illustrating the relative spatial combustion efficiency during initial 1s. Left panel
indicates the case of low oxygenation, right panel that of high oxygenation. The color scale denotes 0 for pure CO (dark
blue) and 1 pure CO2 (dark red). Air turbulence forms on top of flame in case of high oxygenation on the right [8].
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