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ABSTRACT

The work deals with the monitoring of selected parameters in the model of terrestrial forest
fire, which originated in forest litter (natural challenged material). A needle of black pine (Pinus
nigra) was used as a fuel. For the model there was developed forest fire apparatus - wind tunnel,
which simulates terrestrial forest fire on the basic model Superior Técnico in Lisbon (Portugal).
In the apparatus, there is possibility to placing a sample on the basis of changes of coniferous litter
and regulate the speed of the airflow over the layer of litter. The work reviews the effects of air
velocity depending on time and temperature of coniferous leaf litter on the wind tunnel and the
speed of flame propagation along the coniferous litter layer. In the article, there are original work
results which show a significant effect of air flow over the surface of coniferous litter on a fire
and the flame propagation speed after layer of litter. Threshold limits of the flow rate of air are
in the range <0.5 m's1, 1.0 m-s™>>, in which there is an increase in linear speed of the spread of
fire of 2 to 2.5 times. Subsequently, the linear speed of spread for models of terrestrial forest fire
appeared significantly comparable at air speed 1.0 cms! and 2.5 cms”l. But time which shows
spread of fire at specified speed has been reduced by 60% from the time of fire development at a
speed of 0.5cm.s7L.

KEYWORDS: Model terrestrial forest fire, fire spread rate, wind effects.
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INTRODUCTION

Abiotic agents are the most contributing to the destruction of forests, that means a fire, too
(thus forest fires), then biotic and anthropogenic factors. Currently, spruce, fir and pine are the
most endangered tree species (Butora et al. 2013).

Forest fires have special position in the environmental for its unpredictability, complexity of
fireworks, the deployment of heavy equipment and a large number of intervening firemen and
environmental impact on the surrounding environment (Simonson et al. 2011). Regardless of the
current debate in the councils of environmentalists and defenders, we must accept the existing
risk of forest fire and its subsequent spread into the environment. Issues about propagation speed
of arising fires plays a key question in assessing of risk of fire creation and fire spread (Tucek and
Majlingova 2009).

It is necessary to create appropriate models for simulating the purpose of planned
development incurred adverse events, while we are accepting the evaluation of forest fire as soon
as partially or totally adrift in time and space bounded incident which has a negative impact on
all the social functions of the forest (Majlingova 2015). It is in general accepted that the cause
of forest fires are mainly natural conditions and people themselves (Hlava¢ et al. 2006). In the
division of forest fires (Hlavac¢ et al. 2006) to the subterranean, terrestrial, crown and fire of
hollow tree, there is attention directed to terrestrial fire that spreads through leaf litter, natural
challenged materials. Oravec (2011) describes the essence of forest fire by means of appropriate
material composition, suitable conditions and the ability of the material to transmit heat. The
surface of the material is the most exposed surface from the point of view of heat transfer (Gaff et
al. 2014, Kminiak and Gaff 2014, Miftieva et al. 2016). The heat is here supplied by conduction
from the adjacent burning layer, convection of hot products of combustion and radiation from
the flame. The surface material is also the most easily accessible to contact with atmospheric
oxygen. Under favorable conditions (strong enough ignition sources, formation of flammable
fumes degradation, sufficient oxygen) there it occurs in promoting the burning process, mainly
to the flaming burning. Flame spread is essentially a continuous process of gradual ignition of
new sections of material, which occurs spontaneously (Oravec 2011). In 2005 Fitzgerald realized
a detailed analysis of the current state of pine ecosystems, namely ponderosa pine in Montana and
showed to the need to reduce the formation of the respective layers of litter as a dominant cause
of forest fires. The issue of forest fires was also concerned by Landék et al. (2012), who describes
the development of forest fire under strong influence of external conditions and highlights the
dominant airflow rate, which effects on the development of the intensity of the fire.

The weather as instantaneous state of the atmosphere significantly determines the emergence
and spread of fire, so the assessment of risk of forest fires is monitored by meteorological
elements (temperature, humidity, precipitation, wind) (Fischer, et al. 2015, Strickland 2012).
Meteorological fire danger indices are the results, they are solved with a mathematical calculation
(Sharples et al. 2009, Per Bak et al. 1999, Gutiérrez 2013)

The consequences of forest fires have an impact on all components of the environment,
particularly forest biota as biotops, plant and animal components. Research of forest fires is
promoted at the forefront through the appropriate experimental and mathematical models.
(Fernandes 2014, Lotan et al. 1985)

It is still a need to pay attention to the research of forest fires through mathematical
and physical models as well as laboratory models simulating behavior of fire in the natural
environment within the existing models of forest fires for the purpose of understanding of the
behavior of fires in the natural environment. (Hlavac et al. 2007, De Angelis et al. 2015, Jurdao
et al. 2011).
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The aim of this paper is to create a model of terrestrial forest fires in laboratory conditions.
Model terrestrial forest fire is simulated on the surface of the litter in the air wind tunnel. This
model is used for monitoring method and speed of the spread of forest fires, depending on air
flow in the tunnel. Quantified dependence between air velocity and linear velocity of propagation
terrestrial forest fire is based on realized experiments.

MATERIAL AND METHODS

Model of terrestrial forest fire

The realization was carried out based on the results of modeling of forest fire by Morandini
etal. (2001) and Simeoniho et al. (2001), which was based on experiments which were carried out
by LN.R.A. Laboratory of Avignon (France) and the Superior Tecnico Lisbon (Portugal). It was
prepared device for modeling of the fire on the surface of litter (forest waste needles, leaves etc.),
which is in the wood as the outermost layer of humus cover in the first stage of decomposition).

Components have been used as dendromass that occur in the administration of the
University forest company of Technical University in Zvolen, Zvolen LHC k. 4. Kovéicovi.
Sampling of litterfall (litter) was conducted in stands of number 463, 373b and 427. It is a black
pine needles (Pinus nigra). Moisture value of samples was determined by gravimetric analysis and
combustion heat by calorimetry method (Tab. 1). The modeling of terrestrial forest fire occurs in
a wind tunnel with shape of cuboid 1500 x 800 x 800 mm (L x H x W), and is made of iron sheet
metal skeleton and detachable walls.

Ending for truncated pyramid with a square-shaped opening for an artificial source of air
flow (blower) in size 500 x 500 mm is on the back side of the tunnel. Fuel reservoir for model
of terrestrial forest fire (fuel bed by Simeon et al. 2001), also referred to as "fuel reservoir” has a
total area of 0.5 square meters. It is laid on the bottom in the tunnel in the center of the device,
150 mm from lateral sides, 350 mm from the edge and 550 mm from the ventilator propeller.
There were produced three interchangeable reservoir which can be set to various angles
considering the tunnel pad (slope). In the fuel holder there were three of them in a centered axis,
at a distance of 250 mm, 750 mm and 500 m from the start of the substrate and thermocouple
positioned into so the fuel inside the cartridge is to be protruded to a 20 mm height from the
surface, thus on the bottom of the fuel reservoir. Thermocouples were positioned upstream from
the initiation place of fuel combustion (Fig. 1). Device Testo 452 Testoterm was used to measure
air velocity and for measure the temperature in modeling forest fires there were used devices
Almemo 2290-8 and Almemo 2590-48.

Needles
of pine
(Pinus

nigra)

Slope change /4 /

[
Thermocouple ——
Flame front ______/

Fig. 1: Scheme of wind tunnel with a description of the individual parts.
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A sample of weight 0.250 kg was evenly spaced on the surface of the fuel reservoir. The

fuel reservoir with the imposition experimental sample was saving from the horizontal position
through a tilt angle. Naphtha was used as initiator. The experiment was subsequently initiated
by an external source (flame of a light) and simultaneously with the initiation there has been
measured time of burning and spread of fire on the layer samples. Experiments were realized
in order to monitor the manner and speed of the spread of forest fires, depending on air flow in
the tunnel. Three air velocities were chosen in the wind tunnel for this purpose, and 0.5 m-s,
1.0 ms?tand 2.5 msL.

Tab. 1: Parameters of samples the needles of pine (Pinus nigra) and conditions for laboratory model
terrestrial forest fire.

Fuel
e . Parameters of the sample Experiment conditions
reservoir
lorifi The sl
Series of Combustion Calorific Air Ambient | Measure- © slope
MC value i i of the fuel
measure- %) heat qvnet.m velocity | tempera- | menttime reservoir
ments (MKJ-kg1) T (m-s1) ture (°C) (s) .
T | g 0
1. 0 12 255 0% 25°
2. 0.5 12 130
8.1 20.36 17.39
3. 1 12 90 0
4. 2.5 12 90

Evaluation of the experiment

During the measurement, the progress of the fire was monitored, then the irregularities

during the burning and unforeseen events (e.g. capturing of smoldering sample at the end of
thermocouple, venting of the burning leaf from the wind tunnel and so on).

>
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Monitored time parameters:

a first measured time t;, t,, t3, where it occurs to an initiation at the 1st, 2nd and 3«
thermocouple,

First measured time ty, at which the flame front reaches the end of the fuel tank,

Time ts, in which all the fuel in the tank burns.

Monitored temperature parameters in three locations directly in the fuel sample:

TER; - set temperature at a distance of 250 mm from the start of the reservoir on the first
thermocouple,

TER, - set the temperature at a distance of 500 mm from the start of the reservoir on the
second thermocouple,

TERj; - set temperature at a distance of 750 mm from the start reservoir on the third
thermocouple.

Parameters were determined from the experimentally obtained values:

vp - linear speed of fire spreading (mm-s)

Tmax - (Ti0 Tomaw Timay) Mmaximum temperatures occurring in the observed
temperature profile ("C)
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RESULTS AND DISCUSSION

The experimental results of our research present implement of laboratory models to simulate
forest fire conditions. According STRIKLAND (2012) selected laboratory model of the fire is
called the "head fire" that goes in the direction of the wind with just the right amount of fuel for
the diffusion of the fire. The characteristic of that fire describes given action as a dynamic action
at high temperatures. We based from the above characteristics also in a dealing with a model
presenting a fire.

We obtained the values of the temperature curve according to time, the direct the sample
burning in three different positions from the start of the reservoir, at the distance of 250, 500 and
750 mm by realization of a laboratory model of the forest fire.

Approximate experiments showed that in the above model, there is not possible to monitor
the speed of flame spread in the simulation of inclined plane (at an inclination of reservoir). The
inclination was to be able to simulate to a value of 25° only when the ventilator is switched off. It
occurred to sliding of layers of litter and there was a blowing of samples in the case of increasing
inclination.

The results of measurements simulating model of windless (Tab. 2) present the gradual
spread of fire, shown in Fig. 2, where is quantitatively possible to monitor gradual increase of
temperature in the thermocouples. As the subsequent decrease (as the result of transfer of the
flame front). Significant movement of the increase of temperature (TER2) is important in the
second thermocouple. It shows that the air flow is zero and the spread of the flame front is slower

(150 s).
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Legend: Abbreviation TER 1 presents the results of measurements on the first thermocouple, TER 2 presents the
results of measurements on the second thermocouple and TER 3 presents the results of measurements on the third

thermocouple.

Fig.2: Temperature curves for the O m-s measurements.

We monitored the growth of temperature up to 50 seconds above 100” C in the framework
of the above experiments after initiation and then temperature rapidly increased up over 600°C,
successive decrease shows process of the flame front in the wind tunnel.

Results of experiments a laboratory model of the terrestrial forest fire with air
velocity of 0.5m.s1

The experiments were carried out for 120, 150 and 130 seconds. The progress of the
curves had a comparable character, average was made of these measurements (Fig. 3). In the
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initialization phase there is an increase of the flame front, which is in a time period between
20-30 seconds (Markovid et al. 2012). The time lag of temperature increase (TER2) shortens on
the second thermocouple with air velocity of 0.5 m-s™ nearly about one-third (about 60 seconds).
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Fig. 3: Temperature curves for the 0.5 ms™1 measurements.

Results of experiments a laboratory model of the terrestrial forest fire with air
velocity 1.0 m-s1.,

The experiments were carried out for 90 seconds. As it can be seen in Fig. 4, the progress of
the temperature curves is different from the previous.
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Fig. 4: Temperature curves for the 1.0 m-s1 measurements.

Maximum temperature was achieved at the appropriate time difference in each thermocouple.
Thermocouple TER 1 refers to a rapid increase of temperature during the initial 10 seconds,
while there are maximum temperatures above 600°C Tab. 2). Thermocouple TER 2 refers to
the temperature increase after 15 seconds and maximum temperature values reach lower values
than TER 1 (Tab. 2). Third thermocouple recorded the temperature increase after 31 seconds.
Calculated linear speed of fire spreading is 2.63 + 0.10 cm'sl. It is incomparable with the
experiment at air velocity of 0.5 m-s1.

Results of experiments a laboratory model of the terrestrial forest fire with air
velocity 2.5 m-s7L.

Realization of experiments was technically difficult. The experiments were carried out at
2.0 m-s"land the progress of the temperature curves is comparable to temperature curves with air
velocity 2.0 m-s1. High velocity airflow caused venting of needles from around thermocouples

162



Vol. 62 (1): 2017

and as a result of intensive air intake the slowdown has occurred after initiation in the front flame

(Tab. 2).
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Fig. 5: Temperature curves for the 2.5 m.s1 measurements.

Obtained progressions of temperatures were in the biggest variability. The progress of the
temperature curves is different from the previous. TER2 monitored rapid increase in temperature
in 19 seconds. The last initiatory time of temperature increase on TER3 was identical with the
time of the experiment with air velocity of 1m-s™l. Linear speed of fire spreading was calculated
from measured data (Tab. 2).

Tab. 2: Results of experiments the laboratory model terrestrial forest fire.

Samples Parameter
. \% t1 t2 t3 t4 t5 Tlmax TZmax T3max vp
O?;ﬁ;fk ms) | @ © © © © | 0O | O | O |(ms
i 0 1-6 170 230 270 275 640 240 460 | 0.55
(I;Z; 05 16 60 80 133 170 618 | 285 | 520 | 076
negra) 1.0 1-6 11 30 37 87 645 410 300 | 2.63
25 15 29 29 38 79 559 263 550 2.67

With increased airflow increases the linear velocity of propagation of fire and reduces the
time fire due to fast moving flame front (Fig. 6). (Fig. 7) for air velocity 1 m's't and 2.5 m-s'1 are
linear speed of fire spreading almost identical and it is expected that the said balance maintained.
A key finding is the limit interval <0 - 1 m-s1>.
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Fig. 6: Plot of thermal parameters for the selected air velocity within the model forest fire.
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Speed of air flow of 1 m-s™l becomes a critical value in the examination of the time of
initiation. Where the time of initiation of the thermocouples is decreasing at 60% compared with
zero value of air flow. There is decreasing time of initiation on the thermocouples of 30% with
air velocity of 0.5 m-s1. However, it is subsequently retained with air velocity of 2.5 m-s'1 at the
time of initiation on the thermocouples.

3

linear velocity of flame [cm/s]

© 0s 1 25

Speed of air flow [m/s]

Fig. 7.Plot of linear velocity of flame spread for the selected air velocity within the model forest fire.

The result of comparing the speed of the airflow at a linear speed of fire spreading is the
assumption that air velocity of 1 m-salready (that is 3 km-s) presents an increase of linear speed
of fire spreading from 2 to 2.5 times compare to the air velocity 0.5m-s (Fig. 8) and subsequently
it is maintained. Air velocity of 2.5 m-s (that is 9 km-h1) caused in laboratory model blowing of
needles, also local preheating or interrupted burning was here.

We obtained an interesting result in quantifying the value of the linear velocity of spread,
which is significantly comparable for models of the terrestrial forest fire with air velocity
1.0 cms1and 2.5 cm.sL. But time of fire spread has been reduced by 60% at specified speed from
the time development of a fire at a speed of 0.5 cm's™l. Mentioned time factor has a priority role
for the development of forest fires.

In 2005, Fitzgerald (2005) conducted a detailed analysis of the current state of pine
ecosystem, namely Ponderosa pine in Montana and looking for risk of fire. Based on the classic
triangle of combustion where the emphasis is also placed on the possibility of individual and
thinning trees for purposes of limitation (elimination) of the spread of fire with the effect of
increasing tree height with thinning crown. This also implies a reduction in the formation of
the respective layers of litter. Lotan (1985) elaborated a comprehensive theory of the rotating
forest fire to a pine forest, which highlights the environmental impact of dynamic change and the
burning process in each cycle within the forest fire. The problem of forest fires was also concerned
Landik et al. (2012), which describes the development of forest fire under strong influence of
external conditions and highlights the dominant airflow rate, which affects the development
and intensity of the fire. Research velocities of forest fires shall be promoted through laboratory
models and mathematical models (Fernandes 2014).

CONCLUSIONS

We can state facts based on an experiment:
1. Inrange < 0-1 ms!> the time of ignition reduces gradually for each thermocouples
2. The result of experiments determines the air velocity 1 m-s'1 as sufficient to increase the
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linear speed of fire spreading from 2 to 2.5 times compared to the air velocity of 0.5 m-s1.
The linear velocity of spread for models of terrestrial forest fire with air velocity 1 cm's and
2.5 cms! appeared significantly comparable. But time spread of fires at specified speed has
been reduced by 60% from the time of fire development at a speed of 0.5 cm-s!

there is no change in time of ignition from 1.0 m-s'! due to increasing of air velocity in the
wind tunnel

2.5 m-s71 air flow speed has been limit speed, which could be modeled in a wind tunnel

to quantify dependence between air velocity and linear velocity of spread of terrestrial forest
fire

ACKNOWLEDGMENTS

This work was supported by the Slovak Research and Development Agency under the

contract No. APVV-0057-12 (60 %) and by the Cultural and Educational Grant Agency of
the Ministry of Education, Science, Research (20 %) and Sport of the Slovak Republic project
no. KEGA 035UMB-4/2015 Environmental management in sphere of production and KEGA
028UMB-4/2015 Green Economy (20 %).

10.

11.

REFERENCES

Butora, L., Garaj, P., Kropil, R., Pavlik, S, Pataky, T., 2013: Preventive protection of forest
trees to gnaw ruminant beasts, Acta Facultatis Forestalis 55(1): 133-147.

De Angelis, A., Ricotta, C., Conedera, M., Gianni, Pezzatti, B., 2015: Modelling the
meteorological forest fire niche in heterogeneous pyrologic conditions, 10(2): 13, article
number 0116875.

Fernandes, P. M., 2014: Upscaling the estimation of surface-fire rate of spread in maritime
pine (Pinus pinaster Ait.), Forest 2014(7): 123-125.

Fitzgerald, S. A., 2005: Fire ecology of Ponderosa pine and the rebuilding of fire-resilient
Ponderosa pine ecosystems, In: USDA Forest. Pp: 197-225, Service Gen. Tech. Rep. PSW-
GTR-198.

Gaff, M., Gasparik, M., Barcik, S., 2014: The influence of cyclic loading on ultimate
bending strength of beech solid and laminated wood, Drvna Industrija 65(3): 197-203.
Gutiérrez, E., 2013: Avoidable damage assessment of forest fires in European countries an
efficient frontier approach, European journal of forest research 132(1): 9-21.

Hlavag, P., Chromek, I., Majlingovd, A. Osvald, A., 2006: The risk of fire in a forest
damaged timber, ARPOS 22: 15-19. (in Slovak).

Hlavég, P., Chromek, I. Majlingové, A., 2007: Selected projects of fire protection forest
after windstorm, E-book. 145 pp. Technical University. Zvolen (in Slovak).

Jurdao, S., Chuvieco, E., Arevalillo, J.M., 2011: Modelling fire ignition probability from
satellite estimates of live fuel moisture content, Fire ecology 8(1): 77-97.

Kminiak, R., Gaff, M., 2014: Fabrication of structural joinery items of solid wood by the
mean of abrasive water jet method, Wood Research 59(3): 499-507.

Landik, M., Monosi, M., Kapusniak, J., 2012: Forest fire in Vy$nd Boca, Wood and fire
safety. 7th International scientific conference : The High Tatras Strbské Pleso, Slovakia,
May 13th - 16th 2012. Pp: 133-138. Proceedings, Smira-Print. Ostrava. (in Slovak).

165



WOOD RESEARCH

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

166

Lotan, J. E., Brown, James. K., Neuenschwander. L. F., 1985: Role of fire in lodgepole pine
forests, [on-line] [cited: 10.3.2014]. Available on the Internet:http://digitalcommons.usu.
edu/cgi/viewcontent.cgirarticle=1122&context=barkbeetls.

Majlingovi, A., 2015: Automated procedure to assess the susceptibility of forest to fire, In:
Journal of forest science [online] 61(6): 255-260 (in Slovak).

Markovi, 1., Smigura, M., Chromek, 1., Zeleny, J., 2012: Using a laboratory model
terrestrial forest fire created from the needles of pine (Pinus nigra) to monitoring the rate of
fire, depending on the floow o fair the purpose of evaluating the risk of spead of fire, Acta
universitatis Matthiae Belii. Section Environmental management 14(2): 57-65 (in Slovak).

Miftieva, E., Gaff, M., Svoboda, T., Babiak, M., Gasparik, M., Ruman, D., Suchopir, M.,
2016: Effects of selected factors on bending characteristics of beech wood, Bioresources
11(1): 599-611.

Morandini, F., Santoni, P.A., Balbi, J.H., 2001: The contribution of radiant heat transfer
to laboratory-scale fire spread under the influences of wind and slope, Fire safety journal
36 (6): 519-543.

Oravec, M., 2011: Management of industrial accidents, e- scripts. Stard Lesnd [cit.
4.2.2014] Available on the Internet:https://www.sjf.tuke.sk/kbakp/Documents/
Manazerstvopriemyselnych_havarii.pdf.

Per Bak, Kan Chen, Chao Tang, 1990: A forest-fire model and some thoughts on
turbulence, Physics letters A1 47(5, 6): 297-300.

Sharples, J. J. et al., 2009: A simple index for assessing fire danger rating, Environmental
modelling & software 24(6): 764-774.

Simeoni, A., Santoni, P.A., Larini, M., Balbi, J.H., 2001: On the wind advection influences
on the fire spread across a fuel bed. Modelling by a semi-physical approach and testing with
experiments, Fire safety journal 36(4): 491-513.

Simonson McNamee, M., Per Blomqvist, Andersson, P., 2011: Evaluating the impact
of fires on the environment, Fire Safety Science-proceedings of the 10th International
Symposium. Pp. 43-60. International Associaton for Fire Safety Science.

Strickland, B., 2012: Prescribed burning in Southern pine forests, in: Fire Ecology,
Techniques, and Uses for Wildlife Management. [cited: 10.3.2014]. Available on the
Internet: http://msucares.com/pubs/publications/p2283.pdf.

Tucek, J., Majlingovd, A., 2009: Forest fire vulnerability analysis, In Bioclimatology and
natural hazards. Pp. 219-230, Springer Science&Business Media B.V. Dordrecht.

Eva MRACKoVA*

TecuNIcAL UNIVERSITY IN ZVOLEN
Facurry or Woob TEcHNOLOGY SCIENCES AND TECHNOLOGY
DeparTMENT OF FIRE PROTECTION
T. G. MASARYKA 24
ZVOLEN 96053
Srovak REpuBLIC
Corresponding author: eva.mrackova@tuzvo.sk



Vol. 62 (1): 2017

IvETA MARKOVA
Matey BEL UN1vERSITY IN BANSKA BysTricA
Facurty oF NATURAL SCIENCES
DEPARTMENT OF ENVIRONMENTAL MANAGEMENT
TAjovsKEHO 40
BanskA BysTrica 97401
Srovak REpuBLIC

167



WOOD RESEARCH

168



