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ABSTRACT fuels are presented and compared with experimental data
Some numerical results obtained using a fully physical from the literature.

model to simulate the behaviour of wildland fires are

presented in this paper. The present model has been

developed during previous European projects from the 4 PHYSICAL MODEL

andthe 8" framework program (EFAISTOS, FIRESTAR).

The model is based on a multi-phase formulation including

the equations of conservation (mass, momentum, energy ...

governing the evolution of the coupled system formed by

the vegetation and the surrounding atmosphere.

Previous experimental investigations, showed that only thin
particles (<6 mm) can contribute actively to the
propagation of a fire front. Consequently, the vegetation has
been represented in this study, as families of solid fuel
particles, each one being characterized by a set of specific
physical properties such as, the volume fraction, the density,
the surface area to volume ratio, the moisture content.
INTRODUCTION Experimental measurements (Grishin, 1997) showed that for
We know that global climate changes will modify fires & temperature T < 1000 K (conditions observed ahead of a
regime in many ecosystems around the world. The recentfire front), the gas mixture, resulting from the
catastrophic fires seasons observed last years indecomposition by pyrolysis of wood samples, was mainly
Mediterranean regions showed the necessity to promotecomposed of CO and GO(CH, and H can be also
new practices to manage the natural areas, especially thosgroduced, but for higher temperature conditions). We have
located near cities, in the wildland/urban interface (WUI). calculated, the time evolution of the variables describing the
One of the main reasons which has contributed to increasestate of the vegetation (composition, mass, temperature),
fire hazard in Mediterranean regions, is the accumulation of solving the equations of conservation of mass and energy
solid fuel resulting paradoxically from the systematic fire including the various contributions coming from the
fighting policy. To reduce forest fire risks, it is absolutely different mechanisms present during the decomposition of
necessary to reduce such fuel accumulation, using fuelthe vegetation (drying, pyrolysis, char combustion) and
reduction techniques such as fuel clearance or prescribedrom the terms of interaction with the surrounding

burning. Low intensity fires can be used to reduce fuel load atmosphere (convective and radiation heat transfer).

in the forests (burning the understory vegetation). In some o

particular circumstances, fires can also be used to fight The turbulence and the combustion in the gaseous phase
wildland fires (tactical fires). To optimise these techniques Were treated using the RNGekmodel coupled with the
and to be sure that they have a very low impact on thecombustion model EDC (Eddy Dissipation Concept),
environment, it is necessary to improve the knowledge assuming that the reaction rate was mainly limited by the
concerning the behaviour of fires in various situations time necessary for the mixing between the gaseous fuel
(surface fires, crown fires...). This is in this context that we (limited here to CO) and the oxidizer. The action of the
have developed a fully physical approach to simulate the vegetation upon the gas flow and the turbulence was taken
behaviour of wildland fires. This model is based on a into account, adding source terms in the momentum and
multiphase formulation (Grishin, 1997; Morvanal 2001), transport equations governing the evolution of the turbulent
including the resolution of the equations of conservation kinetic energy (k) and its dissipation rate).( These
governing the evolution of the coupled system formed by additional terms represent the contributions of distributed
the vegetation and the surrounding atmosphere. The mairdrag forces induced by the solid fuel elements constituting
physical mechanisms controlling the propagation of the fire the vegetation. A constant drag coefficieny € 0.15
front, have been taken into account: the degradation of the(defined using the plant area density) has been used in the
vegetation (drying, pyrolysis and charcoal combustion), the simulations (Pattoet al 2003).

behaviour of the burning zone (turbulent flow, combustion, The radiation heat transfer, representing one of the most
radiation heat transfer) and the interaction between theimportant mechanism for the propagation of the fire front,
flame front and the vegetation (heat transfer by convection has been solved using the discrete ordinate method (DOM),
and radiation, drag effects). After a short description decomposing the whole space in 40 directions (S8
concerning the methodology used to solve some physicalapproximation in 2D). The radiation transfer equation
mechanisms in this model, some numerical results obtained(RTE) solved for this problem, included also, on the right
for the propagation of fires through homogeneous €nd side, the contributions coming from the radiation due to

(grassland) and heterogeneous (shrubland, boreal forestfhe mixture formed by the gas and the soot particles, and the
radiation coming from the embers.
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Despite the fact that the behaviour of a wildfire is Table 1: Physical properties of the solid fuel layer
characterized by 3D phenomena, the present study is limited

to a 2D configuration (the 3D version is in development). Fuel depth (m) 0.7
For surface fires propagating through grasses or shrubs, it=,¢| volume fraction 0.002
can be assumed that the main transfers are located in a plan

defined by the vertical direction and the direction of Fuel density (kg/rf) 500

propagation. Consequently, it is not so wrong, to consider
that a 2D analysis can reflect the major phenomena
observed in this kind of situation, especially if the fuel is Fuelmoisture content (%) 5%
quasi homogeneous and if the initial dimensions of the line
fire are sufficiently large.

Surface/Volume ratio () 4000

A snapshot of the temperature and the velocity fields

calculated for two wind speedspA= 3 m/s (on top) and 5
NUMERICAL RESULTS AND DISCUSSION m/s (on bottom), is shown in Figure 2. Fog,lequal to 3

As a preliminary step, the predictions of the present model m/s, WF ol;fservz tg\aththef_ ﬂoyv ﬁﬁlol around the fire frgntf_is
have been compared and validated for surface fires at Smaftrongy afiected by the fire itse'l. In some manner, the fire

scale, using experimental data obtained for homogeneou ront generate its own flow independently from the inlet
solid fuel in a wind tunnel (IFSL in Missoula MT-USA) wind flow. For Uy equal to 5 m/s, despite these moderate

(Catchpoleet al, 1998). The results reported in Figure 1 wind conditions, we notice that the flame and the plume are
represent a comparison between the rate of spread (ROS gtably (;jefwated tI)yf. the ﬁvmd f.IOW'. As this is currehntly
evaluated numerically from the time evolution of the bserved for pool Mre, the .anlmatlons .(not.seenmere),
position of the pyrolysis front in the solid fuel highlighted also the formation of puffing instabilities
(corresponding to the isotherm T=500 K) and the (inducing vertical oscillations of the flame) resulting from
experimental observations made in the fire wind tunnel. The the development of a thermo-convective instability between

calculations and the experimental fires were carried out forthe bl_Jrning zone and the surrounding freSh_ gases. The
the same solid fuels (pine needles, excelsior, sticks), evolution of the rate of spread (ROS) as a function of the 10

forming a dead fuel bed. Because all the interactions M OPEN wind speed () is represented in Figure 3 and

between the solid fuel and the surrounding atmospherecommred with — experimental ~ data obtained from

(including the burning zone) depend on the specific Surfaceexperimental ﬁfes in grasslands (Chgrm}al, 1998) and
of the solid fuel/gas interface, the surface volume ragion direct observatlons of uncontrolled wildfires. To comple;e
corsiitutes one of the most important physical parameter the comparison, we have also added some results obtained

characterizing the fuel layer. This parameter was rangingIn 3D using the coderIRETEC developed at the Los

R ; - Alamos National Laboratory (Linmt al, 2005), and the
here between 630 Mn(pine sticks) and 7566 tn(regular S ;
excdsior). Considering the very non-linear nature of the predictions of the operational tools Mk5 and BEHAVE

physical phenomena present in this problem (the currently use_d respgctlvely, in Aust_ralla and_ in USA. From
decomposition by pyrolysis of the solid fuel, the turbulent a general point of view, the numerical predictions obtained

combustion in the flaming zone, the radiation heat transfer'" the present study n 2D are in relatlve.good agreement
between the flaming zone and the solid fuel), we can with the data of the literature. Both experimental data and

consider that the comparison between the numericalgumenc;:al restL)JIts, showhthe (s)asme bergawou(;. a quagl-(I:;near
predictions and the experimental data are in a quite good ependence between the R ang for moderate win

agreement.  There is some situations for which the cqrd|t|ons_a_md a sharp increase of the ROS for stronger
comparison is not so good, for pine sticks for example. In wind conditions. The same remark can be made for the fire

this case, we must notice that the size of the partipless( line intensity (represented in Figure 4), defined as follows:

mm) exceeded the threshold value for which the thermally | =AH . xm
thin hypothesis (used to solve the heat balance equation in c

@
the solid phase) can be considered as valid. Then the . .
calculations were extended to large scale fires propagatin whem A (k)/kg) and m designs the heat of combustion of

through an homogeneous grassland on a flat terrain. TthOOd and the mass loss rate (kg/m.s), respectively. We

main advantage of this configuration is the existence of aIriirg?:t(et:gheesvgref%rlv:/(:asm\l/eel?/ Ick)]\i/v r‘:"'gﬁgg?g:“g?fa;?f;ggo
large number of experimental data collected during various Y y high, 9

experimental campaigns carried out in Australia and also KW/m which represents the empirical critical threshold

) . - separating a weak and an intense fire behaviour (needing the
from direct observations of wildfires (Chenetal, 1998). use of aerial means to fight the fire). For heterogeneous fuel

The calculations have been carried out on a 150 m longlayers such as those observed in a Mediterranean garrigue
stand, using a set of physical parameters presenting theand maquis (shrublands) (Morvanal, 2004), the increase
same characteristics than a grass found in Australiaof the biomass near the ground enhances the interaction
(Themeda australis): between the wind flow and the vegetation. Shear flow
instabilities (combine with thermo-convetive instabilities
always present in the plume) induce the re-circulation of
hot gases inside the vegetation strata, ahead of the fire front,
contributing to an enhancement of the convective heat
transfer with the unburned vegetation (see Figure 5). As a
function of the intensity of the wind and of the
accumulation of the biomass, both plume dominated fires
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(piloted by radiation heat transfer) and wind driven fires This remark constitutes a additional justification for the
(piloted by convection heat transfer) can be observed. elaboration of a new generation of tools for the management

Then this approach has been generalised to simulate Crowr?f forest fires (monitoring, forecast), based on a more

fires in similar conditions than the International Crown Fire physical approach suc_h as the model p_rese_nted here.
Experiment (ICFME) performed in the North West At large scale, espgc:lal!y for crown fires in a forest, the
territories in Canada (Stocks al, 2004). In this case, the present 2D approximation constitutes .certalnly a crude
vegetation was structured in two fuel layers, representing@Pproach of the real phenomena which exhibit a 3D
the understory vegetation (composed by shrubs and smalPehaviour. This work is in progress in the frame work of the
trees) and the canopy (see Figure 6 representing the vertica” European Union FireParadox project.

distribution of solid fuel density). In this case, we were

interested to study the mechanisms governing the verticalREFERENCES
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Figure 1: Comparison of the rates of spread (ROS)
evaluated numerically and observed experimentally in a fire
wind tunnel (Catchpolet al, 1998).
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Figure 2 : Temperature and velocity fields (snapshot)
calculated during the propagation of a surface fire through a
grassland: wind speed velocityy3> 3 m/s (on top), 5 m/s
(on bottom), fuel moisture content FMC=5%.
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Figure 3: Rate of spread (ROS) as a function of the 10m
open wind speed (\): Experimental results obtained for
natual and cut grassland fires (Cheney & al 1998),
predictions obtained using operational tool$/1k%,
BEHAVE) and numerical resultsFIRETEC-3D and
FIRESTAR (present model).
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Figure 4: Fire line intensity as a function of the 10m open
wind speed (M): experimental observation (Alexander
2002 and predictions obtained using operational tools
(Mk5, BEHAVE), FIRESTAR (present model).
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Figure 5: Propagation of a surface fire though a |o.0 0.20 0.40 0.60 0.0 1.00

Mediterranean maquis (temperature and velocity fields).

20 X %0 40 60 30 100 120 140 160
Total needles and twigs < 6 mm

Figure 8: Solid fuel density field (snapshot) calculated
during the propagation of a crown fire through a boreal
forest: for two values of the wind speedy & 5 (top) and

10 m's (bottom).
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Figure 9 : Rate of spread (ROS) as a function of the 10m
open wind speed (\): Experimental results obtained
during the ICFME campaign (Stockat al, 2004) and
numerical results obtained usiR§RESTAR (present model)

for two values of the surface fuel load.

300 400 500 _600 700 900 1000 }L‘) 00/14&0
—_—— .

TCFME U, =10m/s —
20 | Surface fuel load = 0.225 kg/m?
S B

S
T

M

Spumiry vy

ey

I8

T

120

&
8

Figure 7 : Temperature and velocity fields (snapshot)
calculated during the propagation of a crown fire through a
boreal forest: for two values of the wind speeg 25 (top)
and10 m/s (bottom).
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