Effect of peat moisture content on smouldering fire propagation
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Smouldering fire Introductlon

'he study of smouldering fires has been limited in comparison with flaming wildfire. Moisture content (MC) of

During dry periods, surface fires can
ignite the organic material stored In
peatlands or In the forest soils and
slowly self-propagate to deeper layers.

the organic layers is known to be one of the most important variables affecting smouldering process
(Frandsen, 1987; Rein, 2013) since latent heat of vaporization represents a significant heat sink and

decreases the energy available for the pyrolysis front to advance (Reardon et al., 2007; Rein, 2013).

Smouldering ignition limits were established at a peat MC of 110-125% (dry base) but once smouldering is
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yet well studied.

Understanding how smouldering spreads as well as defining its limiting factors, will be a step to apply research

In smouldering propagation to real systems. Our first results on characterizing the effect of moisture
content in smouldering propagation are presented.

Methodology

Burning experiments were done using commercial sphagnum peat in insulated trays of 20x20 with

5¢cm depth In order to observe horizontal propagation (figure 2). The ignition method used follows the
protocol In Rein et al., 2008. Laboratory experiments allowed the control of variables such as bulk

density, peat moisture content and mineral content. With real peat samples all those variables are 1.Thermocouples

2.Electric coil
3.Ignition area
4.Burned peat
5.Wet peat
6.Dry peat
7.Scale

more difficult to control making the smouldering process harder to analyze.

Infrared camera, thermocouples and weighing scales recorded temperatures of the front, spread rate,

burn duration and mass consumption of the peat for MC treatments of 0%, 25%, 50%, 75%, 100%

and a heterogeneous mix of 0% and 200% (figure 2).

Figure 2. Smouldering experiment. Left, components. Right, front moving through the peat, dry peat is 0% MC and 200% inside the yellow rectangle. The
moisture configuration used is for illustrative purposes.

Results

Smouldering self-propagates Iin all experiments done with different MC,

reaching S |
—100% MC
—50% MC
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temperatures over 400°C (figure 3a), but while the smouldering front in dry peat (0% MC)
can maintain the temperatures, wet peat (100% MC) temperatures slowly decay to
extinction. For dry peat the velocity of propagation is 10cm/h (figure 3b) while for other
moisture treatments the velocity of the front iIs <6cm/h, due to the fact that water has to
evaporate before smouldering front can advance.
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Figure 4. Evolution of mass loss rate during the burning, three different moisture content treatments are compared.

Peat with heterogeneous configuration which includes 200% MC, burns at 6.6cm/h after a
long preheating where water In the peat Is evaporated (figure 2), although the
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temperatures are the lowest recorded for a self-sustaining propagation.
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scenario since peatlands have heterogeneous distributions of moisture. How smouldering
Velocities vary between peat samples of different MC (F,, = 39.33, p<0.001). The only

observed difference is between dry peat and the other MC (Tukey HSD, p<0.001).

propagates in realistic configurations is not well studied.

. . . . . " . . Our project will study heterogeneous configurations. Data will be used to validate a
Differences in the mass loss give a similar picture to the velocities of propagation (figure Pro] y J J

3b, table 1), after ignition mass loss rate for dry peat shows a higher peak (figure 4), smouldering propagation model (FIREOX3 by Jon Yearsley). This information will be

useful for ecosystems management and fire services.

while the wet peats (50-100% MC) have a more constant rate during the whole burning.
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