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Abstract

The concept of junction fires was introduced in Viegas et al. 2012, as two approaching lines of fire, making
a small angle between them. In the approach, the fires interact and induce convective flows that modifies the
fire behaviour mainly its rate of spread. This process induces very strong fields of vorticity, high rates of fire
spread or a large number of spot fires. Since the beginning, an exhaustive parametric study of the phenomena
of the junction fires was carried out. Results from laboratory and field-scale experiments, using various fuel
beds and slope angles and from large-scale fires show that the processes are similar at a wide range of scales
with little dependence on the initial boundary conditions. These results correspond to a large amount of data
collected. With this data, a generalization of phenomena for different conditions was made through semi-
empirical models that can predict with a good agreement the sudden evolution of the rate of spread of the fire
front, which results of the interaction of the fire lines, as function of the independent parameters namely time
t, distance x, slope a and initial angle between the fire fronts. In addition, an effort to simulate the evolution
of this kind of fires using CFD based numerical models was performed.
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1. Introduction

The concept of junction fires was introduced in Viegas et al. 2012, when two approaching lines of
fire make a small angle between them. In the approach, the fires interact and induce convective flows
that modify the fire behaviour, mainly its rate of spread (ROS). This process induces very strong fields
of vorticity, high rates of fire spread or a high number of spot fires. Since the beginning, an exhaustive
parametric study of the phenomena of the junction fires was carried out. The results from laboratory
and field-scale experiments, using various fuel beds and slope angles and from large-scale fires show
that the processes are similar at a wide range of scales with little dependence on the initial boundary
conditions. To characterize the effects of wind on junction fires, a set of experimental tests were
performed, in CEIF’s wind tunnel, using pine needles (Pinus pinaster), varying wind speed between 1
and 5 m/s

2. Problem analysis

The characteristics of a junction fire and IR images of various stages of its development were
presented in Viegas et al. (2012) and in Viegas et al. (2013). In these studies, it was confirmed that
two fire fronts merge at the intersection point D. A very complex and dynamic set of processes starts
to develop in which the geometrical and physical properties of the fire fronts change continuously. A
unique feature of this fire is the rapid advance of point D that causes the triangular shaped fuelbed to
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burn, maintaining its general shape but with increasing values of €. The rapid acceleration of the fire
front near D caused by the convective flow induced by the fire is like the eruptive fire behaviour.
Unlike the eruptive fire in a canyon (cf. (Viegas and Pita 2004); (Viegas 2006); (Viegas and Simeoni
2011)), the rate of spread increase has a break as if the fire and the mechanisms that support its
acceleration are reduced and then undergo an inversion in their contributing effects. In this article one
analysed the problem of junction fires under the wind effect, considering that the phenomena of
junction fires under the effect of the slope was already addressed in previous works as well the effect
of fuels and scale. The interaction between wind and slope can produce a set effects on the fire
propagation. (Sharples et al. 2012). Commonly it is stated that the wind has a similar effect in the slope
during the fire propagation, with the difference that the wind can achieve higher intensity compared
with the slope (Viegas 1998). Several times the fire propagation is driven by the slope and wind
together as referred in (Viegas 2004) Nevertheless it is common to study separately each factor, as it
will be done in this article, here the focus is on the effect of wind. One of the firsts studies about the
role of the wind in the forest fires was carried out by (Grumer and Strasser 1965), in the work it was
proved trough laboratorial experiments that large scales fires rise with winds able of increasing the
burning rate similar to firestorms. Rothermel (1972) proposed a model that includes the contribution
of wind and slope in the fire propagation trough out adimensional coefficients. Morandini et al. (2006)
investigated the effects of wind on the properties of a fire front, using Mediterranean shrubs as fuel.
Sharples et al. (2010) study fire behaviour in atypical situations due to the interaction of wind and
topography with fire. In the work (Viegas et al. 2012) is presented a general law of behaviour for
junction fires. It was observed that the junction fires follow a pattern of evolution characterized by an
acceleration phase, that persists during a certain time twm, until achieve the maximum ROS (Rwm)
followed by a deceleration phase, as presented in figure 1

Acceleration Deceleration

i ‘
Figure 1 - Pattern of evolution of a junction fire

In (Raposo et al. 2018) general empirical laws of fire behaviour, which can be used to predict the
evolution of a junction fire episodes, namely the evolution of non-dimensional rate of spread as a
function of the independent slope angle a and angle between fire fronts 6, were presented. The same
kind of analysis will be used for the tests with wind relating the different wind speeds with the
evolution of the ROS.

3. Methodology

The tests were performed in the wind tunnel of LEIF. An image of the equipment can be observed
in the figure 2.
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Figure 2 - wind tunnel of LEIF

In all of the tests dead pine needles of Pinnus Pinaster (PP) were used as fuel bed with a load of 0.6
kg/m?, the wind speed experiments were 1, 2, 3, 4 and 5 m/s. Below is presented a table with the set
of tests performed with an alphanumeric code to identify them, the first numeric digit refers to the
order of realization of the test and the second digit is referred to the wind speed in m/s. They were
randomly performed to avoid some bias in the data.

Table 1 - Set of tests performed

Wind Speed
Ref. Designation m/s Fuel a 0
1 CFW1-1 1
4 CFwW4-1 1
2 CFW2-2 2
5 CFW5-3 3 PP 0 30
3 CFwW3-4 4
7 CFW7-4 4
6 CFWe6-5 5

To prepare the fuel bed in a V shape auxiliary lines were placed in the base of the wind tunnel
demarking the shape of the fuel bed with 5m length and a base of 2.68 m, so that the angle of 30° of
angle between the fire fronts desired for the tests was respected.

The moisture content of the fuel (ms) was always registered as well as the values of the relative
humidity and temperature of the air. The ignition of the fuel bed was made using two wool string lines
sucked in a mixture of gasoline and diesel to ensure an instantaneous ignition. After the ignition the
funs of the wind tunnel were turned on to set the wind speed. In every test, the spatial distribution of
the temperature along with the fuel-bed infrared images were recorded, using an infra-red camera FLIR
ThermaCam SC640. The acquisition rate was also 7Hz, the presence of the fire front was considered
for values of temperature above 350°C, which was considered a sign of the existence of flame in the
place or time of measurement. Using IR methodology, the position of the fire perimeter at given time
frames was assessed and from these images the ROS at various positions of the fire perimeter namely
at point D was measured.

4. Results and discussion

From the tests performed in the experimental program the following data of the rate of spread of
the fire front in the interception point was plotted for the five different wind speeds used. Also, a test
performed with no slope and no wind in a V shape configuration was plotted together.
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Figure 3 - ROS R’b as function of time, for the tests with wind and no slope

From the figure one can observe that the higher the wind speeds, the faster is the duration of the
test until the complete burnt of the fuel bed, meaning that the average ROS in the intersection point D
increases with the increase of wind speed.

The tests CFW3-4 and CFW1-1 were not used due to problems in their analysis.

Also, the tendency of the evolution of the ROS is of increasing with the differences between
acceleration and deceleration phases, becoming less evident with the increasing of the wind speed,
with exception of the test CFW6-5,

The data also allows to say that in the presence of wind the deceleration phase loses expression
giving space to almost only a continuous acceleration of the fire. The explanation to this can be given
by the fact that the introduction of the forced convection of the wind can overlap the natural buoyancy
convection induced by the fire itself in a junction fire phenomenon. By the analysis of the plot, it is
also possible to affirm that the maximum value of the ROS increases with the increase of the wind
speed.

In figure 4 is showed the evolution of the ROS R’D as function of the distance xp. From the plot
is observed that the distance of occurrence of the maximum ROS increases with the increase of the
wind speed. The rate of variation of the maximum ROS from the test with 1m/s relatively to the test
with 2m/s is considerably bigger than the increase from the tests with 2m/s to 4m/s which indicates a
kind of saturation level of the effect of the wind in the propagation of a junction fire.
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Figure 4 - ROS R’o as function of the distance xp.

5. Conclusion

This is a preliminary study about the wind effect on the phenomena of the junction fires with a
limited number of tests performed. Nevertheless, from the data obtained they seem to indicate that the
maximum ROS of a junction fire increases with the increase of the wind speed until to a threshold
value, that demands a more exhaustive work for its definition, but clearly it is observed by the
saturation of the increment of the ROS as result of the rise of the wind speed.
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