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Abstract

The paper is focusing the application of progressive computer aided modelling techniques to study the fire
dynamics in and mainly the influence of fire ventilation on working environment of intervening firefighters during
the road tunnel fire. To model the fire behavior, the Fire Dynamic Simulator was used, because it is the most
widely used Computer Fluid Dynamics (CFD) model in fire engineering. The main factor of the influence of
ventilation on the fire and smoke conditions in the tunnel tube was the smoke dissipation. In modelling, the
direction of the ventilation and the wind was identical from the left to the right. In case of the fire scenario with
the ventilation switched on, in about 170 s after the ventilators are switched on, a half of the tunnel tube was
vented. After another 80 s, the remaining part of the tunnel tube was vented, up to the point of the fire. In the fire
scenario without the ventilation switched on, the entire tunnel tube was full of smoke already at the point of 600 s
and it remained so until the end of simulation.
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1 Introduction 1 Uvod

We selected Fire Dynamics Simulator (FDS) Pre modelovanie spravania sa poZiaru vo
computer program to model fire behavior in the vybranom tuneli sme si zvolili pocitatovy
selected tunnel Sibenik. The reasons for program Fire Dynamics _Slmulator (I:VDS).
choosing this program include its popularity, it Tento program sme zvolili z dovodu, Ze je
is the most widely used CFD model in V inzinierskej praxi najuznavane)sim .CFD’
engineering and is freely available and allows modelom ~ aziroveh je volne Siritelny
for valuable graphical outputs. This is a aumoziiuje vytvarat' cenné grafické vystupy.
computer model based on the Navier-Stokes Jedna sa o pocitatovy model zaloZeny na baze
equations applied to low-speed gas flow during Navier-Stokesovych rovnic aplikovanych na
a fire, thermal dissipation through radiation and nizkorychlostné pradenie plynov pri poZiari,
also an estimation of the concentration of Sirenia tepla prostrednictvom radiacie a takisto
individual substances released by the fire [1]. It odhadu ~ koncentricie jednotlivjch litok
solves differential equations describing the uvol'nenych pri pozZiari [1]. Riesi diferencialne
development of fire through input data from a rovoice, ktoré popisyu - vyvoj  poziaru
text file called a source code. Commands prostrednictvom vstupnych dat z textového
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must not be arranged in a certain order in the
source code, but in terms of clarity, it is
advisable to follow a certain logical structure in
creating the source code [2].

2 Material and Methods

2.1 General model information

This is basic simulation information, e.g. its
name, ambient temperature before the start of
simulation, basic material parameters, etc. The
preset ambient temperature is 20 °C but can be
changed to any temperature.

2.2 Calculation of time and area

It defines the time and area where the
simulation takes place. The time counts in
seconds, and it is possible to set practically an
unlimited length of time. Regarding the
calculation time, we set a 1800 second period.
For the time tO, we used the starting time of fire,
and the fire extinction occurred after 1500 s
from the beginning of the simulation.

Since the FDS program uses rectangular
geometry, for its calculations and division of the
calculated space into cells that make up a
rectangular calculating grid, the tunnel
geometry, which has a circular cross section at
the top, has to be adapted to these requirements.
In order to achieve the most accurate shaping of
the space, a grid of 0.5 x 0.5 x 0.5 m was chosen,
i.e. after recalculation, the difference between
the real conditions and the rectangular geometry
used in the calculations was only 0.97%. The
total number of calculating cells was 617,808
for the whole tunnel, and in a 10-meter radius of
fire, a grid with a cell size of 0.25 x 0.25 x 0.25
m was chosen for more detailed modeling.

2.3 Materials and boundary conditions

Their correct definition is the basic
parameter for the relevant course and the results
of the whole simulation. For all solid bodies
which are located in or bounded by the burning
space, it is necessary to determine, in particular,
their  thermal and fire  performance
characteristics, such as their thermal
conductivity coefficient, bulk density, thermal
capacity, and emissivity. Regarding the
boundary structures, their thickness, color and
temperature should also be determined. Lining
of the tunnel is designed as reinforced concrete.

Delta 2019, 13(2):29-34

30

suboru nazyvaného zdrojovy kod. Prikazy
nemusia byt v zdrojovom kdde usporiadané v
urCitom nemennom poradi, avSak z hladiska
prehladnosti  je vhodné pri  vytvarani
zdrojového kodu postupovat’ podla urcitej
logickej struktiry [2].

2 Material a metody

2.1 Vieobecné informdcie o modeli

Jedné sa o zékladné informacie o simulacii
ako je napr. jej nazov, okolita teplota pred
zacCiatkom simuldcie, parametre zakladného
materidlu a pod. Prednastavena okolita teplota
je stanovena na 20 °C, je vSak mozné ju nastavit’
na akukol'vek teplotu.

2.2 Vypoctovy cas a oblast

Definuje sa doba a oblast’, pre ktort bude
simuldcia  prebichat. Doba sa  pocita
v sekundach a podl'a potreby je mozné nastavit’
prakticky neobmedzene dlhy casovy usek. Za
vypoctovy Cas sme stanovili casovy usek 1800
s. Za cas to sme uréili ¢as zaciatku poziaru
a dohorievanie poziaru nastalo v ¢ase 1500 s od
zaciatku simulacie.

Kedze program FDS na svoje vypocty
pouziva pravouhli geometriu a deli vypocétovy
priestor na bunky, ktoré tvoria pravouhlu
vypoCtovu mriezku musela byt geometria
tunela, ktora ma v hornej Casti kruhovy prierez,
prisposobena  tymto  poziadavkdm.  Pre
dosiahnutie ¢o najpresnejSieho vytvarovania
priestoru bola zvolena mriezka o rozmere 0,5 X
0,5 x 0,5 m, tzn. po prepocitani bol rozdiel
medzi realnymi podmienkami a pravouhlou
geometriou pouzitou pri vypoctoch len 0,97 %.
Celkovy pocet vypoctovych buniek bol pre cely
tunel 617 808, pricom v okruhu 10 m od poziaru
sa pre jeho detailnejSie modelovanie zvolila
jemnejSia mriezka s rozmermi bunky 0,25 X
0,25 x 0,25 m.

2.3 Materialy a okrajové podmienky

Ich spravna definicia je zakladnym
parametrom pre relevantny priebeh a vysledky
celej simulécie. Pre vSetky pevné telesd, ktoré
zvolili  ultra-rychly rozvoj poziaru, kedy
maximalny vykon predstavujuci 6,25 MW bol
dosiahnuty za 85 sod zaciatku poziaru.
Maximalny vykon poziaru bol udrziavany
pocas celej doby simulacie az po ¢as 1 5005,
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2.4 Solid bodies

Ventilators and automobiles, located in the
tunnel tube from its beginning to the point of
fire, have been designed as solid bodies
influencing the flow of combustion products.
Tunnel ventilation has been designed as
longitudinal with three sets of ventilators in
each tunnel tube. Turning on the ventilators is
set to 600 s after the simulation of fire starts. To
compare the fire behavior in the tunnel, we have
the fire with the same properties and boundary
conditions and we let it operate with the
ventilation switched on as well as without
turning on the ventilation. However, since the
state of absolute windlessness is unusual in the
exterior and almost impossible in the tunnels, in
both cases (with the ventilation switched on and
without the ventilation switched on), we set the
air flow rate to 0.5 m.s™,

2.5 Source of fire and fire definition

As a source of burning, we can use any liquid
or solid substance. In the case of using solid
combustible substance, it is also necessary to
define an initiating source which will serve to
start the pyrolysis process. If we select a liquid
for a combustible substance, we do not need to
describe the initiating source, the substance will
start to burn by itself. We chose the diesel fuel
as it is a common fuel and its smoke is dark,
heavy and toxic. We determined the area from
which the diesel fuel burnt away at 5 x 2 m,
which is approximately the size of one smaller
truck. The maximum fire performance that was
maintained throughout the simulation period
was 6.25 MW, which we can imagine as a fire
of two passenger cars or one smaller truck.
Regarding this paper, we chose the ultra-fast
fire development, where the maximum power of
6.25 MW was achieved in 85 s from the
beginning of the fire. The maximum fire
performance was maintained throughout the
simulation period up to 1500 s when the fire
performance was linearly falling down to zero.
Both fire scenarios (without the ventilation and
with the ventilation switched on) had, due to
further comparison of the results, the same
thermal performance of fire.

2.6 Measurement devices

Since the main purpose of simulating the
effect of fire is to find out how a fire is behaving
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kedy vykon poziaru linearne klesal az k nule.
Obidva poziarne scenare (bez zapnutia Sa
nachadzaju v  priestore horenia alebo ho
ohraniuji sa  stanovuji  najmi ich
tepelnotechnické a poziarnotechnické vlastnosti
ako napr. sucinitel’ tepelnej vodivosti, objemova
hmotnost’, merna tepelna kapacita a emisivita.
Pre ohraniCujiice konstrukcie je potrebné
stanovit’ aj ich hrubku, farbu a teplotu. Ostenie
tunela je navrhnuté ako Zelezobetdnové.

2.4 Pevné telesa

Ako pevné telesa ovplyviujuce tok splodin
horenia boli navrhnuté nielen ventilatory ale aj
automobily, ktoré su umiestnené Vv tunelovej
rare od jej zaciatku az po miesto poziaru.
Vetranie V tuneli bolo navrhnuté ako pozdizne
S tromi sadami ventilatorov v kazdej tunelovej
rare. Zapnutie ventilatorov sme nastavili na 600
S po zaciatku simulacie/poziaru. Pre porovnanie
spravania sa poziaru v tuneli sme pozZiar
srovnakymi  vlastnostami  a okrajovymi
podmienkami nechali pdsobit’ so zapnutou
ventilaciou ako aj bez zapnutia ventilacie.
Kedze vsak stav absoliutneho bezvetria je
vexteriéri  ojedinely avramci tunelov
V podstate nemozny, v oboch pripadoch (pri
zapnutej ventilacii aj bez zapnutej ventilacie)
sme nastavili rychlost’ pradenia vzduchu na
hodnotu 0,5 m.s™.

2.5 Zdroj horenia a definovanie poziaru

Ako zdroj horenia mézeme pouzit
akukol'vek kvapalni alebo tuhu latku.
V pripade pouzitia tuhej horlavej latky je nutné
definovat’ aj iniciacny zdroj, ktory bude sluzit
na zacatie procesu pyrolyzy. Ak za horlava
latku zvolime kvapalinu, iniciacny zdroj
nemusime popisat, latka zaCne horiet’
samovolne. Rozhodli sme sa pre motorova
naftu, nakolko sa jedna o bezné palivo a jeho
dym je tmavy, tazky a toxicky. Plochu z ktorej
nafta odhorievala sme stanovili na 5 x 2 m ¢o su
priblizne  rozmery  jedného  menSieho
nakladného automobilu. Maximalny vykon
poziaru, ktory bol udrziavany pocas celej doby
simulacie predstavoval hodnotu 6,25 MW, ¢o si
mozeme predstavit’ ako poziar dvoch osobnych
automobilov  alebo  jedného  mensSieho
nakladného automobilu. Pre prispevok sme
zvolili ultra-rychly rozvoj poziaru, kedy
maximalny vykon predstavujuci 6,25 MW bol
dosiahnuty za 85s od zaciatku poziaru.
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in a defined space, what maximum temperatures
can be reached, how the smoke can spread
through the space and the rate of fire over time,
we can monitor these and other variables by the
means of four options [2]:

- define devices that will monitor the
temperature, smoke, air flow rate,
composition  of combustion products,
etc.,

- view the distribution of particular
monitored quantity in the space or in the
selected cutting plane,

- to show the distribution of monitored
quantity on the surfaces of the bodies,

- to create a spatial isosurface that joins all
points with the same value of the selected
guantity throughout the monitored space.

In tunnel fires, one of the most important
parts of the tunnel is fire ventilation. Its main
function is to remove the combustion products
from the site of the fire outside the tunnel tube
and to ensure the appropriate living conditions
for escaping persons and the firefighters.

3 Results and Discussion

As the main factor of the influence of
ventilation on the conditions in the tunnel tube
at the event of fire, we have chosen to visualize
the tunnel tube smoke dissipation. Figure 1
illustrates the tunnel tube smoke dissipation
with the ventilation switched on after 600 s, 770
s, 850 s, and 1800 s. Figure 2 shows tunnel tube
smoke dissipation after 600 s, 770 s, 850 s, and
1800 s but no longer with the effect of the
ventilation switched on.
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Maximdlny vykon poziaru bol udrziavany
pocas celej doby simulacie az po ¢as 1500
s, kedy vykon poziaru linearne klesal az k nule.
Obidva poziarne scenare (bez zapnutia
ventilacie a so zapnutou ventilaciou) mali kvoli
d’alS$iemu porovnaniu dosiahnutych vysledkov
priebeh tepelného vykonu poziaru rovnaky.

2.6 Meracie zariadenia

Kedze hlavnym cielom simulacie ucinku
poziaru je zistenie ako sa poziar sprava
v definovanom priestore, aké maximalne
teploty moze dosahovat’, ako sa méze §irit’ dym
priestorom a rychlost’ postupu poziaru v Case,
moézeme tieto a eSte dalSie veliCiny sledovat’
pomocou §tyroch moznosti [2]:

- definovat zariadenia, ktoré budu
bodovo sledovat’ teplotu, dym, rychlost’
prudenia vzduchu, zlozenie splodin
horenia a pod.,

- zobrazit' rozloZenie urcitej sledovanej
veli¢iny v priestore alebo vo vybranej
rezovej rovine,

- znazornit  rozloZenie
veli¢iny na povrchu telies,

- vytvorit’ priestorovi izoplochu, ktora
v celom sledovanom priestore spoji
vSetky body srovnakou hodnotou
vybranej veliciny.

sledovanej

Pri poziaroch v tuneloch je jednou z
najdolezitejSich Casti tunela poziarna ventilacia.
Jeho hlavnou funkciou je odvéadzat splodiny
horenia z miesta poziaru mimo tunelovej rury a
zabezpeCit  vhodné  Zivotné  podmienky
unikajicim osobam a zasahujucim hasicom.

3 Vysledky a diskusia

Ako posledny faktor vplyvu ventilacie na
podmienky v tunelovej rure pri poZziari sme si
zvolili vizualizaciu zadymenia tunelovej rary.
Obr.1 ilustruje zadymenie tunelovej rury so
zapnutou ventilaciou v ¢ase 600 s, 770 s, 850
s a 1800s. Obr. 2 ukazuje zadymenie tunelovej
rary tiez v ¢ase 600 s, 770 s, 850 s a1 800s ale
uz bez vplyvu zapnutej ventilécie.
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Fig 1. Visualization of the tunnel tube smoke dissipation at different times from the beginning of the
fire (with the ventilation switched on): a) 600 s, b) 770 s, ¢) 850 s, d) 1 800 s

Obr. 1 Vizualizacia zadymenia tunelovej rary v roznych ¢asoch od zaciatku poziaru (pri zapnutej
ventilacii) v ¢ase: a) 600 s, b) 770 s, ¢) 850s,d) 1 800 s
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Fig 2. Visualization of the tunnel tube smoke dissipation at different times from the beginning of the
fire (without the ventilation switnched on): a) 600 s, b) 770 s, ¢) 850 s, d) 1 800 s.

Obr. 2 Vizualizacia zadymenia tunelovej rary v roznych ¢asoch od zadiatku poziaru (bez zapnutej
ventilacie) v Case: a) 600 s, b) 770 s, ¢) 850 s, d) 1 800 s

Figures 1 and 2 show the entire length of the
tunnel tube. We can see the effect of ventilation
and wind direction on the smoke dissipation of
the tunnel tube. The direction of the ventilation
and the wind is identical from the left to the
right. In case of the fire scenario with the
ventilation switched on, in about 170 s after the
ventilators are switched on, half of the tunnel
tube is vented. After another 80 s, the remaining
part of the tunnel tube is vented, up to the point
of the fire. In the fire scenario without the
ventilation switched on, the entire tunnel tube is
full of smoke already at the point of 600 s
and it remains so until the end of simulation.

4 Conclusions

When comparing the effect of ventilation on
smoke dissipation in the tunnel tube, it is clear
that ventilation helps the firefighters in the
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Na obrazkoch 1 a 2 je zndzornena cela dizka
tunelovej rary vratane portilov. M6Zeme na
nich vidiet vplyv ventilacie a smeru vetra na
zadymenie tunelovej rary. Smer ventilacie ako
aj vetra je zhodny ato od lavého portalu
Kk pravému. Pri poziarnom scenari so zapnutou
ventilaciou za priblizne 170 s po zapnuti
ventilatorov je odvetrana polovica tunelovej
rary. Po d’al$ich 80 s je odvetrana aj zvysna Cast’
tunelovej rary az po miesto poziaru. Pri
poziarnom scenari bez zapnutej ventilacie bola
cela tunelova rura zadymena uz v ¢ase 600 s a
uplné zadymenie pretrvavalo az do ukoncenia
simuléacie.

4 Zaver

Pri porovnani vplyvu ventilacie na zadymenie
tunelovej rury je zrejmé, Ze ventilaicia pomaha
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event of fire as well as the evacuated persons
because the ventilation of combustion products
increase visibility. On the other hand, it
significantly increases the temperature of
combustion products, especially under the
ceiling in the direction of ventilation. This
means that the ventilation against the direction
of the air flow significantly improves the
condition for firefighting intervention and
therefore it is necessary for the rescue team to
arrive from the portal which is opposite to the
direction of the ventilation.

Acknowledgments

This paper originated and its publication was
supported by the APVV-17-0014 project. Smart
tunnel: telematic support for emergencies in the
traffic tunnel.

References / Literatura

hasiCom pri  zasahu a ucastnikom premavky
v evakuacii nakolko odvetranim splodin
horenia zvySuje viditelnost. Na druhej strane
vSak vyrazne zvySuje teplotu splodin horenia
najmd pod stropom v smere ventilacie. To
znamena Ze ventilacia proti smeru prudenia
vzduchu  vyrazne zlepSuje  podmienky
na hasiaci zasah ateda je potrebné dbat’ na
prichod zachrannych zloziek od portalu, ktory
sa nachadza proti smeru ventilacie.

Pod’akovanie

Tento prispevok vznikol a jeho publikovanie
podporil projekt APVV-17-0014. Smart tunel:
telematickd podpora pri  mimoriadnych
udalostiach v dopravnom tuneli.

[1] McGrattan, K. et al.: Fire Dynamics Simulator, Technical Reference Guide, Volume 1: Mathematical

Model. Gaithersburg, USA, p. 149

[2] Wald, F. et al.: Modelovani dynamiky pozaru v budovach (Modeling of fire dynamics in building),
CVUT Praha, 2017, p. 86, ISBN 978-80-01-05633-2

Delta 2019, 13(2):29-34

34



