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Steady and Unsteady Fireline Intensity of Spreading Fires at Laboratory

Scale
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Abstract: Fireline intensity is the rate of heat release per unit time and per unit length of a fire front. With rate of spread,
it is one of the most relevant quantities used in forest fire science. It allows to evaluate the effects of fuel treatment on fire
behavior, to establish limits for prescribed burning or to support fire suppression activities. Although it is widely used,
conversely its measurement is often coarse and has received very little attention. Furthermore, literature only refers to
steady state when dealing with this quantity. In the present paper, we measure directly the fireline intensity at laboratory
scale by using the oxygen consumption calorimetry principle. This methodology allows us to provide this quantity not
only for steady fires but also for unsteady spreading fires for the first time. We show that the current approach used to as-
sess fireline intensity can lead to overestimation from about 20%. As the experiments were conducted under well-
ventilated conditions, the heat release rate calculated by calorimetry was compared to mass loss rate and heat of combus-

tion taking into account the combustion efficiency.
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1. INTRODUCTION

Fires devastate regularly forests and shrublands as well
as populated areas all over the world. Foresters and fire
fighters are faced with problems such as the management of
wildland/urban interfaces, the establishment of safety zones
and suppression strategies. To deal with such situations, the
fire phenomenon and specially the combustion of vegetation
need to be better understood. The ability of the forest fire
community in modeling and simulating forest fire spread [1-
4], as well as developing management approaches and tech-
niques [5], has increased significantly in recent years. Mod-
eling has become an essential tool in forest fire research and
is now a crucial instrument in the studies of risk mapping
[5], fire propagation [1-4], as well as in forest management
[1,4]. However, the precision of wildland fire assessment
tools is limited by the understanding of many key variables.
Heat release rate (HRR) of a fuel is among the most impor-
tant parameter for understanding combustion process, fire
characteristics and propagation rates. It serves for instance to
define flame geometry and temperature fields for open fires
[6]. This parameter has been studied recently in both at-
tempts to classify vegetation as a fuel for forest fires and to
understand the role of transport in porous fuels beds [7]. This
last study provided some calorimetry data relevant to issues
associated with wildland fuel characterization. The experi-
mental apparatus used was a bench scale calorimeter allow-
ing measuring the combustion of small samples.

In the present work, we propose to investigate the HRR
of spreading fire by using a Large Scale Heat Release Rate
Calorimeter (LSHR) at laboratory scale. More precisely we
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deal with the fireline intensity which is with rate of spread,
one of the most relevant quantities used in forest fire science.
Although the experiments at field scale [8] are valuable to
validate the numerical models of fire spread, they are not
appropriated to study precisely the combustion of forest fu-
els. Experiments at laboratory scale allow focusing on accu-
rate phenomena as the fire parameters are monitored and
controlled more easily.

The concept of fireline intensity was introduced by
George Byram [9] in the 50's. Frontal fire intensity synony-
mous with Byram’s fireline intensity is the rate of heat re-
lease per unit time per unit length of the active flaming zone
of the fire front. It is given by:

I, = Hwr (D)

where Iz (kW/m) is the fireline intensity, H (kJ/kg) is the
heat yield of the fuel, w (kg/m®) is the weight of the fuel con-
sumed in the active flame front and » (m/s) is the rate of
spread of the fire. Fireline intensity is a widely used measure
in forest fire science: it helps to evaluate the effects of fuel
treatment on fire behavior [10], to establish limits for pre-
scribed burning [11] and to assess fire impacts on ecosys-
tems [12]. It is also used as an indicator for the classification
of community in terms of risk [13] and as a quantitative ba-
sis to support fire suppression activities [14, 15]. However in
that case caution should be taken since results obtained for a
specific fuel type cannot be generalized to different fuel
structure [16]. Although fireline intensity is widely used in
fire science as detailed here above, conversely very limited
effort has concentrated on its measurement, which is often
coarse. And literature only refers to steady state when deal-
ing with this quantity. The reason of the little use of fireline
intensity by modelers may to be found in the difficulty en-
countered to measure this information accurately. Because it
is in general obtained from estimates of available fuel energy
per unit area of ground and fire spread rate, little is known
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about how well these computed intensities represent actual
rates of energy release. However, this quantity contains in
itself the most part of the physics involved in a spreading
fire. It is with rate of spread and fire front shape the most
meaningful information for the test and validation of all
types of models of fire spread, from empirical to physical [3]
and detailed models [1].

In the present paper, we measure directly the fireline in-
tensity at laboratory scale by using the oxygen consumption
calorimetry principle. This methodology allows us to provide
this quantity not only for steady fires but also for unsteady
spreading fires for the first time. We show that the classical
approach (see Eq. 1) used to assess fireline intensity can lead
to overestimation from about 20%. As the experiments were
conducted under well-ventilated conditions, the heat release
rate calculated by calorimetry was compared to mass loss
rate and heat of combustion taking into account the combus-
tion efficiency.

2. METHOD AND MATERIALS

2.1. Measuring Heat Release Rate by Oxygen Consump-
tion Calorimetry

HRR which describes the fire size of burning materials is
a fundamental parameter that is essential to estimate fire
hazards and design fire protection systems [17]. Regarding
its use in forest fire science, it should be recalled that HRR
and the derived quantities like fireline intensity (kW/m) and
reaction intensity (kW/m?) are used to model the heat source
in some fire spread modeling approach [18]. The usual prac-
tice of measuring the rate of heat release in experimental
fires is based on the oxygen consumption (OC) principal
[19] which states that heat release is proportional to oxygen
consumed for complete combustion of most organic com-
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pounds. Huggett [20] showed that the heat released per unit
mass of consumed oxygen is approximately 13.1 MJ. This
principle is applied extensively at bench-scale and in large-
scale fire tests [17].

HRR measurements based on OC calorimetry were con-
ducted using the newly installed | MW LSHR calorimeter (3
m X 3 m hood) at the University of Corsica. Although this
calorimeter has a maximum capacity of 1 MW, it is typically
used for fires less than 500 kW to prevent flames from enter-
ing the duct. Fig. (1) shows the Open-burning HHR Calo-
rimeter with a combustion bench inside.

This experimental arrangement is categorized in the Fur-
niture Calorimeters group [17]. The mass loss rate is meas-
ured and the exhaust gases are analyzed for composition,
temperature, optical obscuration and flow speed with a bi-
directional probe. The heat release rate calculation uses rep-
resentative values of measured quantities at the sampling
position in the exhaust duct. The exhaust duct flow profile is
essential to the accuracy of the oxygen consumption calo-
rimetry measurement. In order to validate the whole installa-
tion and reduce the measurement uncertainty a calibration
procedure with a propane burner is required. Because the
calculation of heat release rate requires a large number of
individual measurements, it is essential to have an independ-
ent confirmation of measurement accuracy. This calibration
is accomplished by burning an accurately measured flow of
gas having a well-defined heat of combustion. A burner and
flow system configured for propane gas were used that can
produce flows corresponding to a range of heat release rates,
from 10 kW to over 300 kW. Due to the HRR expected for
the vegetative fuel bed used in this study, the calibration of
the LSHR hood and ducting was conducted burning propane
gas at different increments corresponding to levels of 40 kW
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Fig. (1). Schematic of the open fire test combustion system.
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— 100 kW — 40 kW. A comparison factor was determined
from the ratio of the oxygen calorimetry and burner heat
release rates. It is used as a validation and quality control
factor for the calorimetry. The relative agreement between
the oxygen calorimetry and the burner output was better than
0.97 for the entire range of heat release rates considered.

According to Thornton’s rule, HRR can be calculated
from the measured oxygen mass consumption rate. Different
formulations were derived depending on the method used to
determine the mass consumption (volumetric flow rate [21]
or mass flow rate [22]) and depending also on the measure-
ment devices available for gas analysis [22]. We recall here
the formulation derived by Parker [21], for which the main
simplifying assumptions are: the amount of energy released
by complete combustion per unit mass of oxygen consumed
is taken constant; all gases are considered to behave as ideal
gases; the analyzed air is defined by its composition in O,
CO;, H;O and N3; all other gases are lumped into N,. HRR
can be calculated from the oxygen molar flow rate,

q=E (i, =, |, )

where ¢ is the HRR, E is the energy released per mass unit
of O, consumed for the combustion of the test sample,

ﬁ; and 7, represent respectively the molar flow rates of O,
2 2
in incoming air and in the exhaust duct and W, is the mo-
2

lecular weight of oxygen.

The volume flow rate of incoming air, referred to stan-
dard conditions is given by:

Va=L02# (3)
X, P,

where X; is the molar fraction of O, in incoming air and
2

W . is the molecular weight of dry air at 25 °C and 1 atm.

The oxygen depletion factor is introduced for convenience. It
is given by

p=lo "o @)

Combining Eqs 2-4, one obtains:

_ Ep W,

G=—T—"X, 07, )

air

It should be mentioned that gases are measured on dry
basis. Water vapor is removed because the analyzers cannot
handle wet mixtures. Thus the mole fraction of gases in air is
derived from the analyzers’ measurement and from air hu-
midity. For instance the mole fraction of oxygen in air is
given by

on =(1_X1120)X;Z (6)

where superscript a denotes the mole fraction in the analyz-
ers. Unfortunately, in an open system, not the incoming air
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flow rate Va but the flow rate in the exhaust duct K is

measured. A relationship between Va and K is obtained and

after some development (not given here), the HRR is given
by the three following relations:

o, (1_)(;20))(2; Vx,z% [W%O&p

. k(AP
V o =2244—1 |— (8)
1298 kp Ts

Xo (1= X8, )- x5 (1- X2, )
e ©)
’ Xg (1= X8, - X |

Ep W
G=—on (7)

where X denotes the molar fraction, W and p, are respec-

tively the molecular weight and the density of dry air at
298K and 1 atm. VS ,0¢ 18 the standard flow rate in the exhaust

duct. The superscript © is for the incoming air. 4 is the cross
sectional area of the duct, %, is a constant determined via the
propane burner calibration, k, =1.108 for a bi-directional
probe, Ap is the pressure drop across the bi-directional probe
and T} is the gas temperature in the duct.

2.2. Measuring Fireline Intensity by Oxygen Consump-
tion Calorimetry

Experimental fires were conducted under no slope and no
wind for line-ignition fires on a combustion table located
inside the LSHR hood. The basic layout is presented in Fig.
(2). The table is an air-entrained concrete plate of 2 m long
and 2 m wide, placed on a load cell in order to measure the
mass loss over time during the test fire.

Three species of vegetation were considered in these test
fires: Pinus pinaster needles, Avena fatua straw (wild oats),
and Genista salzmannii spines (an endemic broom). The fuel
was scattered uniformly on the tray to obtain homogeneous
bed. The bed of fuel occupies only the central part of the
tray. To ensure fast and linear ignition, a small amount of
alcohol and a flame torch were used. Different fuel loads
with different moisture content on dry basis were considered
(4-7%). Different sizes of fuel bed were used (0.9 m x 1.1 m,
I mx 1.5mand I m X 2 m). The heat release rate was
measured during the spreading across the fuel beds using the
set of equations given in the previous section. The fireline
intensity obtained by oxygen consumption calorimetry de-
noted Ioc hereafter, corresponds directly to the measured
HRR for fire front of Im width. For fuel bed of smaller
width W, the fireline intensity is given by:

I,.=4¢/w (10)

The fire fronts remained quasi linear during the whole
spreads and exhibited a weak curvature on the flanks when
reaching the end of the combustion bench. The range of fuel
bed properties for each species considered in this study are
provided in Table 1 where w, 6, p, o and S represent respec-
tively the fuel load, the depth of the fuel bed, the density of
the particles, the surface to volume ratio of the particles and
the packing ratio of the fuel bed. The net heat of combustion
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Fig. (2). Linear spreading for a 1 m x 1.5 m bed of Pinus Pinaster needles.

Table 1. Test Materials
. AH, o p Pu w 6 B
Species Symbol (kJ/kg) () (kg/m') %) Ggm') | @m) | (a0
Avena fatua AF 17091 2394 287 4-17 0.6 3-7 30-35
Genista salzmannii GS 20645 3100 967 5 0.6 3.5 25
Pinus pinaster PP 20411 3057 511 4-5 0.6-12 3-7 33-50

AH, ., values were derived from the gross heat of combus-
tion values AH, g measured in an oxygen bomb calorime-
try. The surface to volume ratio and density were measured
following the methodology proposed by Moro [23]. The
moisture content was determined by drying the species in an
oven at 60 °C for 24 hours. The fuel bed height was meas-
ured in each test leading to the porosity of the fuel bed
p= w/ ( pé) . The ambient temperature and relative humidity
ranged respectively from 18 °C to 21 °C and from 35 % to
49 % for the whole tests.

3. RESULTS AND DISCUSSION

3.1. Energy Constants Estimated for the Three Vegeta-
tion Species

When estimating the HRR of a reaction from the chemi-
cal species concentration, the main hypothesis lays on the
knowledge of the evolution of the combustion gases during
the reaction. When detailed chemistry of the material of in-
terest is unknown, Huggett’s value (£ = 13.1 MJ/kg of O,) is
used [20]. If the fuel composition is known, the energy con-
stants can be estimated. In our case, the combustion of the
vegetation species was represented by the stoichiometric

combustion of a chemical compound C.H O, given by:

C.HO +(x+1—5)(02+3.761v2)—>
x Ty Tz 4 2
(1)
xCO,+2 H,0+3.76 | x+ 2 - Z|N,
2 4 2

where x, y and z are obtained from an ultimate analysis of
CHON for the three species considered (Table 2). The en-
ergy constants were estimated, using the following expres-
sion:

AH M.,
E = c,nel fuel (12)

A x+2 -2 M,
4 2

2

where Mj,; and My, represent respectively the molecular
weight of fuel and O,. Energy constants obtained through
this calculation are given in Table 2 for the different fuels.
There are referred to as stoichiometric energy constants.

We can see that the values of Ej, are greater than Hug-
gett’s average for the three vegetation species considered in
this study. The deviation ranges from 3% to 10%, respec-
tively for GS and PP. The average energy constant of the
three fuels is equal to 13.95 giving a mean deviation of about
6% with Huggett’s average.

3.2. Steady Fireline Intensity of Spreading Fires

It should be pointed out that fireline intensity was defined
for steady state condition (Eq. 1) and was mainly used [9-15]
in such condition up to now. In this section we will investi-
gate whether Eq. 1 is an accurate formulation to assess fire-
line intensity for quasi-steady spreading fires. The results
will be reported in term of HRR. Indeed, for most of the ex-
periments the fuel bed was 1 m width and the fire front re-
mained quasi-linear during the spreading. Hence HRR is
synonymous with fireline intensity for those cases. For
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Table2. Ultimate Analysis and Energy Constants Estimated
. x y z E,
Species Symbol (mol) (mol) (mol) (MJ/kg)
Avena fatua AF 3.66 5.74 2.77 14.39
Genista salzmannii GS 4.26 6.72 2.32 13.48
Pinus pinaster PP 4.15 6.65 2.51 13.98

smaller width of fire front, HRR results are provided and
fireline intensity calculated with Eq. 10 is discussed. Achiev-
ing a steady state for a spreading fire depends on different
conditions. Among these are: the fuel load, the fuel moisture
content and the length of the fuel bed. Although the present
paper does not focus on the condition to reach a steady state,
some results will first be presented in order to show the in-
fluence of the former parameters on the fire behavior. Fig.
(3) displays some examples of the HRR curves obtained for
fires spreading across AF for a fuel load of 0.6 kg/m’. It
should be mentioned that the sampling rate was 1 Hz for all
experiments conducted in this work except for that corre-
sponding to the dotted curves in Fig. (3) for which it was 3
Hz. The fuel bed was 0.9 m width and 1.1 m long for each
run. The moisture content on dry basis was 4% for the oven
dried fuel and 7% for the wet fuel. For the oven dried straw,
the drying was performed in an oven at 60°C for 24 hours.
Since it re-hydrated during its removal from the oven and the
positioning on the bench of combustion and the ignition, a
sample was loaded to evaluate the fuel moisture content be-
fore the run. The height of the fuel bed was less than 6 cm
for the compact fuel bed and about 7 cm for the other fuel
beds leading to packing ratios respectively of more than
0.035 for the compact fuel and less than 0.03 for the others.
For the three tests provided here, the mean fireline intensities
calculated with Eq. 10 were 62 kW, 47 kW and 31 kW dur-
ing the steady stage. The mean rates of spread were respec-
tively 0.86 cm/s, 0.65 cm/s and 0.52 cm/s. We can see on
Fig. (3) that the influence of moisture content and packing
ratio on fireline intensity is very important. We noticed that a
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Fig. (3). Heat release rates for fire spread across fuel beds (0.9 m x
1 m) of AF for a load of 0.6 kg/m? and different fuel conditions on
moisture content and packing ratios.

quasi-steady state was achieved more or less quickly in func-
tion of the moisture content. The drier the fuel load, the
highest was the rate of spread and the latest the steady state
was reached. Although the packing ratio influences drasti-
cally the intensity, conversely it had no impact on the estab-
lishment of the steady state. A slight increase on fireline in-
tensity was observed at the end of some experiments. This
increase was attributed to a vortex induced at the end of the
combustion bench by the air extractors. The vortex enhances
the combustion by increasing the mixing between combusti-
ble gases and air. This phenomenon was mainly observed for
the experiments with a rate of spread lower than 0.5 cm/s.

Fig. (4) shows two curves of HRR obtained for fires
spreading across PP for two loads: 0.6 kg/m” and 1.2 kg/m®.
The fuel bed was 1.0 m width and 1.5 m long for each run.
The fuel was oven dried at 60°C for 24 hours and the mois-
ture content on dry basis was 5% for both loads. The height
of the fuel bed was 3.5 cm and 5 cm respectively for the fuel
loads of 0.6 kg/m* and 1.2 kg/m’. Their packing ratios were
respectively 0.034 and 0.047. We observed that a quasi-
steady state is quickly reached for the lighter load while the
spreading remains unsteady for the heavier one. Experiments
were performed with a longer fuel bed (1.0 m width X 2 m
long) in order to investigate whether a steady state could be
reached for a load of 1.2 kg/m®. Fig. (5) displays a HRR
curve obtained for this configuration with the corresponding
mass loss over time superimposed on the HRR.

We noticed that the steady state is reached for this longer
fuel bed. The higher the fuel load, the latest the steady state
is reached and depending on the length of the bed the steady
state might be visible or not. For the fuel load of 0.6 kg/m*
and for the experiment with a fuel load of 1.2 kg/m2 pro-
vided in Fig. (5), we further observed that constant rates of
spread and constant rates of mass loss were obtained during
the time interval corresponding to a quasi-steady HRR. Fig.
(5) depicts the mass loss which is linear for this time inter-
val. For both tests, the mean rates of spread were 0.34 cm/s
and 0.4 cm/s, the mean rates of mass loss were -2.05 g/s and
-5.06 g/s and the mean fireline intensities were 34 kW and
79 kW respectively for 0.6 kg/m* and 1.2 kg/m* loads. The
intensity is more than doubled for a double load. This in-
crease in intensity is partly due to an increase in rate of
spread but mostly due to an increase in mass loss rate.

Figs. (3-5) clearly shows that even for zero wind and no
slope fire, achieving a steady state at laboratory scale re-
quires some attention. The methodology adopted in the pre-
sent work guaranties that a sound steady state in energy re-
lease is obtained that corresponds effectively to constant rate
of mass loss and constant rate of spread. We are thus able to
test whether Eq.1 is an accurate formulation to assess fireline
intensity for quasi-steady spreading fires. In this equation, H
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Fig. (4). Heat release rates for fire spread across fuel beds (1 m x
1.5 m) of PP needles for loads of 0.6 kg/m2 and 1.2 kg/mz.

120 3000
—HRR
= — Mass
100 < 2500
.
N
~
80 2000
E s ~ N @
E 60 R r 1500 ﬁ
4
I AN =
~
40 AN 1000
N ~
~
20 4—\» 500
Quasi-steady state

0 100 200 300 400 500 600 700
Time (s)

Fig. (5). Heat release rate for fire spread across a fuel bed (1 m x 2
m) of PP needles with a load of 1.2 kg/m?.

is the heat yield which is obtained from the net (or low) heat
of combustion value AH

c,net

adapted to the fuel moisture

content:

H=AHc,net_LMxpM (13)
where Ly, (24 kJ/kg, [9]) is the heat required to separate the
bound water from the fuel and to vaporize the water in the
fuel and p,, is the moisture content percentage point based on
dry fuel. The value of the net heat of combustion is derived

from the high (or gross) heat of combustion value AH

c,gross
to take into account the latent heat absorbed when the water
of reaction is vaporized. It is given by:
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AHc,ner = AHc,gross - LV X mHZO (14)
where Ly = 2257 kl/kg is the latent heat of vaporization of
water and M50 is the mass of water released during the

combustion of one kg of fuel. The AH, . is determined

0SS

from measurement in an oxygen bomb calorimeter.

Averaged fireline intensities calculated with Eq. 1
(Byram’s formulation) and Eq. 10 (OC measurements) are
provided in Table 3 for the species considered. At least three
repetitions were carried out for each load. We can see that
Byram’s formulation, Iz overestimates the fireline intensity
measured by OC, Ipc. The ratio between both formulation
given by a linear regression performed on the whole set of

data is [, / I,=0.77. This ratio is given by fuel beds in

Table 3 for the different species and loads. We note that the
values range from 0.72 to 0.82.

Two reasons may explain the difference between
Byram’s formulation and OC results. The first one is due to
the methodology adopted to apply Byram’s formulation. As
mentioned previously, the fire fronts remained quasi linear
during the whole spreads but exhibited a weak curvature on
the flanks. This shape leads to a slight overestimation of the
burned area when the fire reaches the end of the combustion
bench. The second one is due to combustion efficiency that
is overestimated in Byram’s formulation. Indeed, Eq. 1 con-
sidered the heat yield H (Eq. 13) while the combustion is
incomplete. In order to support this remark, the combustion
efficiency ) was calculated for all runs (see Table 3). y is the
ratio between the effective heat of combustion H.y and the

heat yield, x = Heff / H . H,y was determined for each test, by

dividing the total heat released by the total mass lost during
the quasi-steady stage. Values of combustion efficiency ob-
tained in this study are in agreement with those provided by
other investigators for free burn test [24]. An improvement
of Byram’s formulation for the measurement of fireline in-
tensity may be obtained by taking into account combustion
efficiency in Eq. 1, leading to the following equation:

IBM = xHwr (15)

3.3. Unsteady Fireline Intensity of Spreading Fires

According to the previous results Eq. 1 fails to represent
accurately the averaged fireline intensities measured during
quasi-steady fires. In the present section we propose another

Table3. Overall Data of Burning Tests

Species AF s GS s PP s PP s
(0.6 kg/m’) (0.6 kg/m’) (0.6 kg/m’) (1.2kg/m’)

Ioc 53,3 27,8 33,9 86,8

I 74 36,8 43,5 105,2

L./, 0.72 0.76 0.78 0.82

X 0.81 0.85 0.88 0.84

Hy (kJ/kg) 13052 16650 17051 16271
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formulation to evaluate fireline intensity based on the mass
burning rate.

I =(mfueIXH)/W (16)

where 71, is the mass loss rate of the fuel. Based on the

fuel

combustion efficiency obtained previously, x this formula-
tion is obviously suitable for averaged quantities under
steady state condition. It will thus be tested in the following
against time-varying quantities. To this end, fluctuating and
unsteady fireline intensities will be considered through three
different cases. The first case concerns a quasi-steady fire
spreading across a fuel bed of PP with a load of 0.6 kg/m2 for
which the fireline intensity has exhibited some fluctuations
but remained roughly around a constant value. The second
and third cases are unsteady fires spreadin% respectively
across fuel beds of AF with a load of 0.6 kg/m” and PP with
a load of 1.2 kg/mz. Fig. (6) shows the results obtained for
the first case. The rate of mass loss was filtered with a mov-
ing average in order to avoid overshoots. We can see that the
energy release rate calculated with Eq. 16 matches well the
HRR measured by OC calorimetry. The large fluctuations of
the HRR are accurately reproduced over time. However, the
finest fluctuations could obviously not be reconstructed.
There are beyond the possibility of the experimental setup
used to record the mass loss. However, we can notice that
the increase of HHR at the beginning of the fire as well as the
decrease at the end of the test is depicted by Eq. 16.

Figs. (7 and 8) correspond to the test of Eq. 16 in the case
of fires that present unsteady behavior. As depicted in both
figures, this relation is able to represent the general tenden-
cies of the fireline intensities over time. Not only the large
fluctuation but also the drastic increases and peak of HHR
are well modeled for both species and fuel loads considered.
Here also, the decrease in HRR at the end of the test is de-
picted. Byram’s formulation (Eq. 1) could obviously not
been applied to measure the fire power for such cases. Con-
versly Eq. 16 seems appropriate to perform such measure-
ments. Extending this formulation to field tests for which OC
calorimetry is not appropriate due to the scale of the experi-
ments is thus promising, provided that the fire front resem-
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Fig. (6). Fluctuations of a fireline intensity for a fire spreading
across a fuel bed (1 m x 1.5 m) of PP with a load of 0.6 kg/m®.
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Fig. (7). Unsteady fireline intensity for a fire spreading across a
fuel bed (1 m x 1 m) of AF with a load of 0.6 kg/m®.
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Fig. (8). Unsteady fireline intensity for a fire spreading across a
fuel bed (1 m x 1.5 m) of PP with a load of 1.2 kg/m?.

bles a two-dimensional panel moving through the vegetation.
Our results demonstrate that using the complete heat yield #
is not appropriate. In a free burn test the fuel is burned with
unlimited access to air, but some of the volatiles do not burn
completely, leaving for example CO, soot and unburnt hy-
drocarbons, containing further potential energy. Therefore
H.y= xH is lower than H.

CONCLUSIONS

The measurement of fireline intensity was poorely ad-
ressed up to now and literature only refers to Byram’s for-
mulation to measure the fire power. This paper clearly shows
that this formulation present some limitation for steady fires
while it is commonly accepted that it is useless for unsteady
fires. Oxygen consumption calorimetry allowed us measur-
ing fireline intensity and to our knwoledge, it is the first time
that steady and unsteady fireline intensities are explicitely
measured for spreading fires. This methodology also demon-
strates that actual combustion processes vary considerably
from out-of-context laboratory estimates, for example heat of
combustion determinations using oxygen bomb calorimetry
rather than oxygen depletion calorimetry during free burn-
ing. These results are of importance for modelers that have
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to face with little information available on the source terms
useful for forest fire modeling. In this paper, we also investi-
gated an alternative formulation based on the measurement
of burning rate to assess fireline intensity. As the experi-
ments were conducted under well-ventilated conditions, the
heat release rate calculated by calorimetry can be used to
evaluate a formulation based on mass loss rate and heat of
combustion provided that combustion efficiency is taken into
account.This approach lead us to reproduce accuretaly the
main tendency of the HRR of a spreading fire. The large
fluctuation of energy release rate for steady fires, as well as
the envelope of the energy release rate for unstady fires were
provided. Testing this formulation at field scale is the neces-
sary next step of the present work.
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