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The role of water vapor, originated from the moisture content in vegetation, on the combus-

tion process was investigated via simulating an opposed diffusion flame and a laminar

premixed flame with pyrolysis gases as the fuel and air as the oxidizer. The fuel was mixed

with water vapor, and the simulation was repeated for various water mole fractions. In both

of the diffusion and premixed flames, the smaller the water mole fraction, the higher the

maximum temperature. No reactions occurred when the water mole fraction was 0.65 or

larger in the diffusion flame, and 0.70 or larger in the premixed flame. The maximum energy

release rate and the flame speed decreased with the increase of the water mole fraction in the

premixed flame. In both flames, O2 and H were the components that showed dramatic

changes with the change of the water mole fraction.
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INTRODUCTION

Wildland fires can threaten life, property, and natural resources, or they
can perform necessary ecological functions in many North American ecosystems.
Therefore, it is important to develop combustion models to predict the behavior
of wildfires, especially under rapid transition events, including marginal burning
and transition to crown fires. A significant number of large fires in the United
States occur in live fuels that contain significant moisture, and thus the influence
of moisture content on fire behavior is significant.

One of the integral parts of wildland fires is the flame, which is sustained by
gases that are released during pyrolysis of cellulose and hemicelluloses (Albini,
1981). A number of studies have been performed that focus on the modeling of
fires using full, skeletal, or reduced mechanisms for combustion of pyrolysis fuel gases
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(Lee et al., 2007; Leroy et al., 2008; Zhou and Mahalingam, 2001); however, the
influence of moisture on the gaseous mixture that results from pyrolysis and its effect
on flame structure have not been quantitatively studied. Moist fuel affects the rate
and direction in which wildland fires spread. Moisture content is believed to slow
the burning rate, since energy released from the flame first evaporates some moisture
from the fuel particle before ignition occurs (Anderson, 1969). Tihay and Gillard
(2010) investigate three Mediterranean species and conclude that H2O, CO2, CO,
CH4, and H2 are the main gases released during pyrolysis of wood.

Previous studies (Fletcher et al., 2007; Morvan and Dupuy, 2004; Van
Wagner, 1976; Zhou et al., 2005a, 2005b) have dealt with the effects of moisture
in live vegetation during combustion, but there is no current study that specifically
deals with the gaseous combustion fueled from pyrolysis of wood by investigating
the role of moisture on the detailed flame structure. Manzello et al. (2007) studied
the influence of moisture content on dead Douglas-fir trees in a laboratory experi-
ment and showed that high moisture content (above 70% based on dry mass) inhi-
bits the ability of the fire to initiate or sustain a flame. Furthermore, they showed
that firebrand generation did not occur if the foliar and small branch moisture con-
tent was over 30% (dry mass basis). The studies of Bryden et al. (2002) and Bryden
and Hagge (2003) indicate that moisture content affects the pyrolysis time of a bio-
mass particle. They show that higher moisture content increases the pyrolysis time
in a thermally thick and thermal wave regime. Beringer et al. (2003) investigated
how fires in the tropical savanna in northern Australia were impacted by surface
heat, moisture, and carbon fluxes. The frequency of fires in the tropical savanna
was affected by the moisture content with the frequency of the fire occurrence
increasing during dry seasons. Also in the study by Beringer et al. (2003), the inten-
sity of the fire was affected by the moisture content. Drier seasons with lower
moisture content resulted in fires with higher intensity. Likewise, seasons with high
moisture contents resulted in fires with lower intensities. The intensity of the fires
was estimated based on char and scorch heights using the relationship given by
Williams et al. (1998). Fires that occurred in areas with high moisture content were
found to have less char and lower scorch heights than areas that had lower moist-
ure content.

The main purpose of the current research is to determine how moisture in the
gaseous fuel caused by pyrolysis affects the behavior and characteristics of the flame
in order to eventually determine a more accurate chemical mechanism for wildland
fires involving live vegetation. An accurate chemical mechanism may allow improved
prediction of wildland fires. The focus of this article is on understanding the role of
varying fuel moisture mole fraction on pyrolysis gas flame structure. Toward this
end, opposed diffusion and laminar premixed flames involving pyrolysis gases have
been investigated. Several mechanisms have been previously studied for a chemical
mechanism of gas emission from pyrolysis of wood such as GRI mechanism 3.0
(McDonald et al., 2000; Smith et al., 2000; Som et al., 2008). Since a detailed mech-
anism includes over 100 mechanisms and around 50 species, it is important to develop
a reduced mechanism. In order to demonstrate that H2O should be considered in the
reduced mechanism, this study uses a skeletal mechanism reported by Zhou and
Mahalingam (2001), which was created based on an updated mechanism included
in GRI-Mechanism 3.0 (Smith et al., 2000).
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DESCRIPTIVE SETUP OF SIMULATIONS

Opposed Diffusion Flame

An opposed diffusion flame (Lutz et al., 1997), a one-dimensional configur-
ation with a planar diffusion flame between two opposed nozzles, is simulated
with the OPPDIF software available in the CHEMKIN-Pro1 software package
(CHEMKIN-Pro, 2008). The program is based on a similarity transformation to
reduce the three-dimensional flow field to a one-dimensional problem, making it
more amenable for a detailed study. The opposed-flow geometry makes an attractive
experimental configuration as well because the flames are flat, allowing for detailed
study of the flame chemistry and structure.

In the opposed diffusion flame model considered in the present study, the pyr-
olytic fuel mixture enters from the left nozzle (boundary) located at x¼ 0 cm while the
oxidizer enters from the right boundary at x¼ 1 cm. All simulations were carried out
at standard temperature and pressure conditions. Both fuel and oxidizer stream velo-
cities were set to 50 cm=s in simulations unless it is stated otherwise. In all cases, the
oxidizer stream consisted of standard ambient air. A skeletal reaction mechanism was
used in the current study with reactions tabulated in Table 1 (Zhou andMahalingam,
2001). Parameters given in this table were used in the Arrhenius equation, which
describes the relationship between the rate constant k of a chemical reaction, the
activation energy Ea of the reaction and absolute temperature T:

k ¼ ATB exp � Ea

RT

� �
ð1Þ

where R is the universal gas constant, A is the pre-exponential factor or A-factor,
and B is the temperature exponent (CHEMKIN-Pro, 2008). In Table 1, the values
of A and B were taken from the most recently updated reaction library of
CHEMKIN-Pro.

In addition to four main pyrolysis gases of H2, CH4, CO2, and CO considered by
Zhou and Mahalingam (2001), H2O in its gaseous phase was considered as an initial
component to investigate the moisture effect. The simulations were conducted for
three different woods: aspen (Populus tremuloides, type A), beech (Fagus americana,
type B), and larch (Larix sp., type C). These fuel types were modeled as mixtures of
four gases with their mole fractions tabulated in Table 2 (Klose et al., 2000). In this
table, the fuel gas mixture is assumed dry, i.e., XH2O ¼ 0. To include the moisture
effect, we scale the dry fuel species mole fractions tabulated in Table 2 according to
the considered value ofXH2O. Since the mole fraction of the fuel stream sums to 1.0,
for instance, when 10% of H2O gas is added to the fuel, the mole fractions of the fuel
species are multiplied by 0.9 in order to account for the addition of H2O. The mole
fraction of H2O was varied from 0 to 1.0. It is noted that the moisture content of living
vegetation ranges from approximately 50% to over 300% (dry mass basis). chaparral
vegetation is often prescribed burned with live moisture content of 60–75%; and drier
chaparral burns more violently (Countryman, 1974; Green, 1981). As reported by Sun

1The use of trade names is presented for informational purposes only and does not constitute

endorsement by the U.S. Department of Agriculture.
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et al. (2006), it is generally accepted that when the fuel moisture content is below a
threshold of 30%, the fuel may be considered essentially dead. Typical dead fuel
moisture content may range from 4–5% to nearly 30%. In the present study, the mole
fractionXH2O ranged from 0.01 to 0.65 with increments of 0.1. It is not possible to link
the mole fraction of water to a specific live fuel moisture content as the movement and
release of water from vegetation due to heating is a complex process that has not be
adequately described (Cohen et al., 1990; Fletcher et al., 2007; Jolly et al., 2012).

Laminar Premixed Flame

A laminar premixed flame, which is a one-dimensional configuration with
uniform inlet conditions where the oxidizer is mixed with the fuel before reaching
the flame front, was simulated using the PREMIX code of CHEMKIN-Pro. This

Table 1 Skeletal reaction mechanism for pyrolysis gas combustion

No. Reaction A B Ea

1 HþO2¼OHþO 5.13Eþ 16 �0.82 16507

2 OþH2¼OHþH 1.80Eþ 10 1.00 8826

3 OHþH2¼H2OþH 1.17Eþ 09 1.30 3626

4 2OH¼OþH2O 6.00Eþ 08 1.30 0

5 HþO2þM)HO2þM 3.61Eþ 17 �0.72 0

6 HþHO2)2OH 1.40Eþ 14 0.00 1073

7 HþHO2)H2þO2 1.25Eþ 13 0.00 0

8 OHþHO2)H2OþO2 7.50Eþ 12 0.00 0

9 HþOHþM)H2OþM 1.60Eþ 22 �2.00 0

10 COþOH=CO2þH 1.51Eþ 07 1.30 �758

11 CH4þH)CH3þH2 2.20Eþ 04 3.00 8750

12 CH4þO)CH3þOH 1.60Eþ 06 2.36 7400

13 CH4þOH)CH3þH2O 1.60Eþ 06 2.10 2460

14 CH3þO)CH2OþH 6.80Eþ 13 0.00 0

15 CH3þOH)CH2OþH2 1.00Eþ 12 0.00 0

16 CH3þHþM)CH4þM 8.00Eþ 26 �3.00 0

17 CH2OþH)HCOþH2 2.19Eþ 08 1.77 3000

18 CH2OþOH)HCOþH2O 3.43Eþ 09 1.18 �447

19 HCOþH)COþH2 4.00Eþ 13 0.00 0

20 HCOþOH)COþH2O 5.00Eþ 12 0.00 0

21 HCOþO2)HO2þCO 3.30Eþ 13 �0.40 0

22 HCOþM)HþCOþM 1.60Eþ 14 0.00 14700

Note: Skeletal mechanism is by Zhou and Mahalingam (2001) with updated values

of parameters available in most recent version of CHEMKIN-Pro.

M is used in the above reactions as a placeholder for multiple chemical species

(CHEMKIN-Pro, 2008).

Table 2 Mole fractions of four gases released during pyrolysis of three different woods

XH2 XCO XCH4 XCO2

A (aspen) 0.410 0.256 0.077 0.257

B (beech) 0.253 0.307 0.112 0.328

C (larch) 0.398 0.264 0.112 0.226
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code is able to describe the flame dynamics by solving the differential governing equa-
tions using the implicit finite differencing method along with a combination of steady
state and time dependent methods. The initial temperature and pressure were set to
298K and 1 atm, respectively. The computational domain size is 13 cm bounded at
two points located at� 5 to 8 cm. The flame front is anchored around 1.42 cm.

The fuel compositions used in the premixed flame studied here were the same
used in the diffusion flame described in the previous subsection, which are listed in
Table 2. The fuel was premixed with air as an oxidizer. The equivalence ratio was
set to unity for the initial runs, which were used to measure the composition of the
different gas species and temperature with respect to moisture. The moisture con-
tent of the fuel was varied similar to that is done in the opposed diffusion flame
described in the previous subsection. For instance, when 10% of H2O is added to
the fuel, then the other components of the fuel are multiplied by 0.9 for consistent
mole fractions.

RESULTS

Opposed Diffusion Flame

The spatial distribution of temperature within the opposed diffusion flame is
plotted in Figure 1 for various water mole fractions. The results were obtained with
an adiabatic assumption, i.e., nonradiation heat transfer. For all three types of fuel
displayed in Figures 1a–1c, it was observed that at XH2O ¼ 0:65, the temperature
curve is flat, indicating that the flame is not sustained at this mole fraction. This obser-
vation implies that at a water mole fraction between XH2O ¼ 0:60 and 0:65, the flame
is extinguished. Also, it is seen that in the case of aspen and larch shown in Figures 1a
and 1c, respectively, there is a significant drop in temperature as XH2O increases from
0.55 to 0.60, with the flame extinguishing atXH2O of 0.65, whereas in the case of beech,
extinction occurs at XH2O of 0.60 as can be seen in Figure 1b. For the aspen mixture,
as the moisture content increases from 0 to 0.60, the flame temperature drops from
1800K to 298K.

Variations of mole fractions of multiple major chemical components including
CH4, CO2, CO, H2, H, O2, and H2O have been examined in detail. A significant
change in the mole fractions of O2 and H is observed between XH2O of 0.55 and
0.65. It is seen that O2 and H are the only components that show significant changes.
In the mechanism for hydrogen combustion the oxygen and hydrogen atoms form
intermediate species HO2, which is the hydroperoxy radical, and hydrogen atom,
H, as another radical. Here, O2 and H2 only require one bond to be broken and
one to be formed to form aforementioned intermediate species. These radicals, which
are called free radicals, are highly reactive atoms that have either a positive or nega-
tive charge, which could then react with other reactions to create more radicals.
Therefore, these free radicals become the driving force of the reaction mechanism.
Since the hydrogen atom H is one of the most reactive radicals, it is important to
look at how the increase in moisture affects H (Turns, 2012). It is noted that in
the skeletal reaction mechanism, presented in Table 1, H2O appears as a reactant
in the reversible reaction 3, so it can be said that this reaction represents an input
point for the action of water vapor upon the global combustion process.
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Figure 1 Temperature in the opposed diffusion flame of gas mixtures representing (a) aspen, (b) beech, and

(c) larch pyrolyzates.
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The mole fraction of O2 is shown for the range of moisture mole fraction in
Figure 2 for the opposed diffusion flame. O2 is an initial component in the oxidizer
stream, which enters from the right boundary. For XH2O ¼ 0, the O2 mole fraction
starts to decline at a distance of 0.7 cm and is fully consumed at an approximate dis-
tance of 0.45 cm from the fuel nozzle. As the mole fraction of H2O increases, the start
point of decline of O2 mole fraction shifts towards the fuel nozzle side. This shift along
with a slight shift in maximum temperature visible in Figure 1, shows that the flame is
shifting toward the fuel side with a reduction in the total width of the flame.

Figure 3 shows themole fraction of H in the opposed diffusion flame. The radical
H is not an initial component in the fuel or oxidizer streams; however, it is derived from
H2, which is an initial component in the fuel stream. For all three gas mixtures, the
mole fraction of H was negligible throughout the domain for XH2O � 0:65. Further-
more, a significant decline in H was observed in the range 0:55 < XH2O < 0:65. In
the case of pyrolysis gases from beech wood, seen Figure 3b, at XH2O of 0.60, the H
mole fraction was nearly zero, and for the cases of aspen and larch (see Figures 3a
and 3c), the mole fraction of H ! 0 for 0:6 � XH2O � 0:65, but it was still produced.
Also, a slight shift toward the origin is observed for the peak of the mole fraction of H
in Figre 3 asXH2O is increased. This observation is consistent with a similar shift for the
peak of temperature (see Figure 1) where the flame is located. Ideally the flame is where
the equivalence ratio is stoichiometric.

The maximum flame temperature was calculated for various strain rates in
order to determine an extinction strain rate point for aspen wood for various water
mole fractions. The strain rate was calculated in the present work following the
formulation given for the global strain rate _ee ¼ Uf �Uox

� �
d= in CHEMKIN-Pro,

where Uf is the velocity of the fuel, Uox is the velocity of the oxidizer, and d is the sep-
aration distance. The global strain rate was plotted against the maximum temperature
in Figure 4. The maximum flame temperature was highest for XH2O ¼ 0 and the
extinction point was found to be near 2000s�1. As XH2O was increased, the strain rate
extinction point decreased. At XH2O ¼ 0:6, the extinction point of the strain rate was
approximately 380 s�1. An increase in XH2O was seen to not only lower the maximum
temperature by greater than 400K, but it was also seen to decrease the extinction
point by 1610 s�1.

A sensitivity analysis for the diffusion flame is performed in order to identify the
chemical reactions that are responsible for the change in temperature when moisture
is increased. The sensitivity of temperature to the Arrhenius pre-exponential factor,
i.e., A in Eq. (1), of the various reaction-rate constants was investigated. In Table 3,
the reactions that are found to be more influential on temperature are listed. The nor-
malized sensitivity coefficient against distance is displayed in Figure 5 for five reac-
tions to which temperature is most sensitive. Among all reactions, the three-
body reaction no. 5, HþO2þM=HO2þM, had both the most positive and negative
sensitivity coefficient values.

Laminar Premixed Flame

No ignition occurred for the laminar premixed flame when XH2O was larger
than 0.7 for aspen and larch fuel or larger than 0.65 for beech fuel (Figures 6a,
6c, and 6b, respectively). As H2O mole fraction was increased, the flame thickness
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Figure 2 Mole fraction of O2 in the opposed diffusion flame of gas mixtures representing (a) aspen, (b)

beech, and (c) larch pyrolyzates.
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Figure 3 Mole fraction of H in the opposed diffusion flame of gas mixtures representing (a) aspen, (b)

beech, and (c) larch pyrolyzates.
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increased, as determined by the slope at which the temperature rises (Turns, 2012),
while the burned gas temperature decreases. This behavior is attributed to the fall of
the energy release rate, as will be seen later in this section, with the rise of XH2O.

The spatial variations of the mole fractions of H and O2 are shown in Figures 7
and 8, respectively. The species composition of the hydrogen radical shows that H is
not made for XH2O greater than 0.7 in the case of aspen and larch fuel (see Figures 7a
and 8b) and greater than 0.65 for beech fuel in Figure 7b. Since the flame does
not ignite at those temperatures, it can be inferred that the reaction process that

Table 3 Reactions associated with temperature sensitivity to the Arrhenius

A-factor (The number for the reaction is from Table 1)

No. Reaction

1. H þO2¼OH þO

3. OH þH2¼H2O þH

5. HþO2þM)HO2þM

6. HþHO2) 2OH

9. HþOHþM)H2OþM

11. CH4þH)CH3þH2

10. CO þOH=CO2 þH

14. CH3þO)CH2OþH

15. CH3þOH)CH2OþH2

16. CH3þHþM)CH4þM

19. HCOþH)COþH2

22. HCOþM)HþCOþM

Figure 4 Global strain rate versus maximum temperature in the opposed diffusion flame for various mole

fractions of H2O in the pyrolyzate mixture produced from aspen wood. The flame exits at a maximum

temperature of 1200K.
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produces the H radical did not occur. At lower XH2O, the slopes of the XO2
curves

were greater than those at higher XH2O, which indicates that that less O2 was used
in the reaction process.

Figure 9 shows the net energy release rate in the considered premixed flame.
The importance of this parameter in fire has been discussed by Babrauskas and
Peacock (1992) and Van Wagner (1976). The energy release rate in the flame typi-
cally increased rapidly from the point of flame attachment, reached a maximum,
decreased rapidly, and then became nearly constant (Figure 9). The plateau seen
in Figure 9 is due to the radical bond dissociation energy (Turns, 2012) and is most
impacted by reactions 3, 9, and 10, listed in Table 1, since they are the only reactions
that display a significant plateau or decrease in the energy release rate. For all fuel
types, the energy release rate decreases as the moisture content increases. Therefore,
the intensity of the fire decreases as the moisture rate increases. As a result, it is
expected that the propagation time will be slower, the ability to initiate new fires will
decrease, and the ability to sustain a flame will decrease for higher moisture contents.
The energy release rate is not plotted for XH2O greater than 0.7 for aspen and larch
fuel mixtures and for XH2O greater than 0.65 for beech fuel, since no energy is
released or absorbed because the flame is not ignited at those moisture contents.
Reactions 1, 3, 4, 5, 6, 9, 10, 14, 16, 17, and 19 from Table 1 had the most significant
effect on the net energy release rate, since a significant amount of energy released is
seen for each individual previously mentioned reaction. For highly branched reac-
tions, only the reaction with recombination of active centers will lead to heat release
(Korobeinichev and Bolshova, 2011). Heat release occurs during the recombination
of hydrogen atoms. For example, reaction 2 from Table 1 shows the breaking bond
of H and no recombination of the two H atoms; therefore, no heat release is

Figure 5 Effect of distance from the fuel nozzle on the temperature Arrhenius A-factor to various reac-

tions for an H2O mole fraction of 0.5 for a gas mixture representing pyrolyzates from aspen wood.
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Figure 6 Effect of distance from the flame anchor point (flame front) on temperature in a premixed flame

for mixtures of gases representing pyrolyzates from (a) aspen, (b) beech, and (c) larch wood.
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observed in that reaction. In other reactions, the amount of energy required to break
a bond may be equal or greater than the amount of energy required to create a new
bond. In the cases where the energy required to break a bond is equal or nearly equal
to the amount required to form a new bond, the net energy release rate for the reac-
tion would be near zero. The reaction that has the highest maximum energy release

Figure 7 Mole fraction of H in the laminar premixed flame of gas mixtures representing (a) aspen,

(b) beech, and (c) larch pyrolyzates.

COMBUSTION OF PYROLYSIS GASES IN WILDLAND FIRES 447

D
ow

nl
oa

de
d 

by
 [

N
at

io
na

l F
or

es
t S

er
vi

ce
 L

ib
ra

ry
],

 [
D

av
id

 W
ei

se
] 

at
 0

8:
25

 0
5 

M
ar

ch
 2

01
3 



Figure 8 Mole fraction of O2 in the laminar premixed flame of gas mixtures representing (a) aspen,

(b) beech, and (c) larch pyrolyzates.
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Figure 9 Net energy release rate in the laminar premixed flame of gas mixtures representing (a) aspen,

(b) beech, and (c) larch pyrolyzates.
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Figure 10 The effect of the equivalence ratio on flame speed in the laminar premixed flame of a gas

mixture: (a) aspen, (b) beech, and (c) larch pyrolyzate.
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rate is reaction 14 from Table 1 with a maximum energy release rate of 1800 J=cm3-sec.
Reactions 3, 16, and 19 have the next greatest impact on the net energy release rate
with maximum individual energy release rates over 1000 J=cm3-sec.

The flame speed is typically used to characterize the combustion of various
fuel-oxidizer combinations. It is also useful in determining the flammability limits
of mixtures. The flame speed was simulated using CHEMKIN-Pro for all three fuel
types and plotted against different equivalence ratios in Figure 10 for various moist-
ure contents. As the moisture content increased, not only did the flame speed
decrease, but the ability of the flame to sustain in a fuel rich or lean environment also
decreases. The flame is seen to only ignite under ideal fuel=oxidizer ratios. Since the
fuel and air ratios cannot be controlled in natural environment, it is expected that the
flame will not ignite in the field experiments for higher moisture rates, even though it
can be seen in experiments and simulations where the fuel=air ratio is controlled. For
the lowest considered moisture content, which is 60%, the flame ignites only for a few
equivalence ratios. It is observed that the flame only thrives in slightly fuel-rich
conditions for aspen and larch at 60% moisture content and in slightly fuel-lean to
ideal conditions for beech. The maximum flame speed, for all types of fuel mixtures,
seemed to take place for equivalence ratios in a domain ranging from 1.1 to 1.3. The
maximum flame speed is shifted toward higher equivalence ratio areas with the
increase of the moisture content.

SUMMARY AND CONCLUSIONS

Wildland fires often burn live vegetation that holds a significant amount of
moisture, which is released to the gaseous phase as the cellulose and hemicellulose
in the vegetation are pyrolyzed. Ignition of pyrolysis gases produces a gaseous flame,
which is important to model in order to characterize the behavior of the fire. By char-
acterizing the gaseous fire that includes the moisture found in live vegetation, a more
accurate mechanism can be developed to better understand the fire’s behavior.

The water vapor, which originates from the moisture content in vegetation, was
found to have an impact on the temperature distribution within both an opposed dif-
fusion flame and a premixed laminar flame for three types of fuels. For the opposed
diffusion flame, the temperature steadily decreased as the moisture content was
increased until a significant decrease was observed at mole fraction XH2O ¼ 0:55.
Between XH2O ¼ 0:55 and 0.65, the flame extinguished for all the cases we examined.
For the premixed laminar flame, the slope of temperature decreases, meaning the
flame front increased as the moisture content increased. The flame was extinguished
between XH2O ¼ 0:65 and 0.7 for all cases.

In order to understand the role of chemistry on flame extinction, the distri-
bution of major gas components was examined. The components that showed
dramatic changes were O2 and H for both the non-premixed and premixed flame.
The influence of the strain rate on the non-premixed flame was investigated as the
maximum temperature was obtained for various strain rates. It was determined that
moisture content of 0.1 preserved the flame at the highest strain rate of 350 s�1. The
sensitivity analysis was also performed in the opposed diffusion flame to identify reac-
tions that could potentially contribute to the observed reduction in flame temperature
and its eventual extinction. In the premixed flame, both the laminar flame speed and
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the energy release rate were examined in the premixed flame for various water mole
fractions. The energy release rate showed that the intensity of the flame decreased
as the moisture content increased. In the laminar premixed flame, the flame speed
model showed that at a higher moisture content of 60%, the flame existed at a slightly
fuel-rich equivalent ratio for aspen and larch, and a slightly fuel-lean equivalent ratio
for beech. For the premixed flame, the length of the flame front increased and the tem-
perature decreased as the moisture rate decreased. In all cases the flame was extin-
guished or failed to ignite with moisture content greater than 70%.

In the future, we will further investigate whether the reactions that were found
to play a significant role in affecting the flame in this article should be included in a
reduced mechanism for use in wildland fire behavior models. A new reduced mech-
anism will be developed based on reactions that show significant importance to the
effect of moisture. Our ultimate goal is to develop a new reduced mechanism that
takes into consideration live vegetation that is burned in wildland fires and compare
it to that reported in Zhou and Mahalingam (2001).
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