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Abstract

Fire is the heat and light energy released durinchamical reaction, in particular a
combustion reaction. Depending on the substandgbtaland any impurities outside, the
color of the flame and the fire's intensity miglatyw Fire in its most common form can
result in conflagration, and has the potential @muse physical damage through burning.
Fires in buildings and transportation systems arghaeat to human lives and also to
buildings and cultural heritage. In a fire infernanost of the victims die due to late
detection of the fire and consequent inhalatiortafic smoke gases. In addition to the
human consequences, the economic and culturaldasgnificant.

BiR TUNEL YANGININDA DUMAN OLU SUMUNUN
TEORIK OLARAK iINCELENMESI

Ozetce

Yangin 6zellikle bir yanma reaksiyonunda kimyasalksiyon boyunca 1sI ve eneriji
ortaya ¢ikmasidir. Yanmolan maddelere ve garidaki kirlilige basli olarak alevin rengi
ve yanginin siddeti degigsebilir. En yaygin formda alev/ate buyik bir yanginla
sonugclanabilir ve bilyuk fiziksel zararlara sebepbilecek potansiyeli vardir. Fana
sistemlerindeki ve yapi/binalardaki yanginlar insgggamina oldgu gibi bina ve kulturel
mirasada bir tehdit olmaktadir. Bir yangin cehenigbe, yanginin geg tespiti dolayisiyla
toksit duman gazlarinin solunmasiyla dumana maratarfarin ¢gu o6lir. Bu insan
olumlerine ilave olarak ekonomik ve kilturel kagaocok énemlidir.

Keywords:Fire, Computational Fluid Dynamics(CFD), field mdidg, tunnel fire.
Anahtar Sozcukler: Yangin, Hesaplamali Agkanlar Dinamgi (CFD), saha
modellemesi, tiinel yanginlari.
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1. INTRODUCTION
1.1. Fire

Fire is the heat and light energy released durioeamical reaction,
in particular a combustion reaction. Dependinglendubstances alight, and
any impurities outside, the color of the flame ahd fire's intensity might
vary. Fire in its most common form can result imftagration, and has the
potential to cause physical damage through burning.

Also, fire, which is conventionally defined as untwolled flame
spread, is arguably one of the most complex phenane®nsidered in
combustion science. It embraces nearly all thecefféound in subsonic
chemically reacting flows.

Fluid dynamics, combustion, kinetics, radiation andnany cases
multi-phase flow effects are linked together to vide an extremely
complex physical and chemical phenomenon.

1.2. Natural Fire Models in Brief

Fire modeling has from time to time proved to bédifve for
convincing enforcing authorities that chosen sohdi are fire safe. It is
convenient to solely fix on such models, which ¢tenused in modeling
local fires. Nevertheless it is necessary to ga geaeral information on the
most common natural fire methods in use. The nuwaknnodels that
describe fire can be divided in to three large gsou

Stochastic modelsin stochastic or probabilistic models fire growth
is generally treated as a series of sequentialtg\wgrstates. For instance, an
ignition of a litter box impulsed by a burning cigtie followed by the
ignition of household curtains caused by the flamiitter box et cetera.
These models are sometimes referred to as "statiesition” models. The
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results of stochastic models are estimates abeupribbabilities of ignition
of objects or fire spread.

Empirical models: Empirical models are algebraic equations that
estimate fire development based on experience. ditee most common
empirical models is the ISO 834 time-temperatunese&uwhich illustrates
temperature development of the post-flashover fire.
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Figure 1.1. ISO 834 time-temperature curve

Deterministic models: Deterministic models are composed with
algebraic equations. Solving the equations produnceserical values for
the variables describing the fire (variables susheanperature, gas flow and
concentration). Furthermore the deterministic meaek divided into zone
models, field models and network models. The laitersuitable for
approximating the spread of fire in complex buigin Therefore actually
two different methods exist for modeling fire inckosures: the zone model
and the field model. They differ primarily in thdireatments of the gas

phase.
1.3. Fire Behavior

Basically, an enclosure fire may include some bofathe following
phases of development. (See Figure 1.2)

Incipient phase: Heating of potential fuel is taking place through
variety of combustion processes such as smoldétarging or radiant.
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Growth phase: (pre-flashover) Ignition is the beginning of fire
development. At the initial growth phase, the fid be normally small and
localized in a compartment. An accumulation of sen@nd combustion
products in a layer beneath the ceiling will grduéorm a hotter upper
layer in the compartment, with a relatively cocderd cleaner layer at the
bottom. With sufficient supplies of fuel and oxygemd without the
interruption of fire fighting, the fire will growdrger and release more hot
gases to the smoke layer. The smoke layer will elebcas it becomes
thicker.

Temperature
i . s Fully developed o
Incipient.  Growth 5 phase Decay Extinction
phase phase L phase
Ignition Tir'-:ne

Figure 1.2. Fire Stages

Flashover: In case of fire developing into flashover, theiatidn
from the burning flame and the hot smoke layer nemd to an instant
ignition of unburned combustible materials in tlenpartment. The whole
compartment will be engulfed in fire and smoke.

Fully developed phase(post-flashover) After the flashover, the fire
enters a fully developed stage with the rate oft hekease reaching the
maximum and the burning rate remaining substagt&#ady. The fire may
be ventilation or fuel controlled. Normally, thsthe most critical stage that
structural damage and fire spread may occur.
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Decay phase:After a period of sustained burning, the rate of
burning decreases as the combustible material®nsuened and the fire

now enters the decay phase.

Extinction: The fire will eventually cease when all combugtibl
materials have been consumed and there is no mergyebeing released.

1.4. Fire Modeling
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Table 1. Options for fire modeling.
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The models can be classified as either probalsil@tdeterministic;
Deterministic modelsan roughly be divided into three categories:

Field Models , CFD
Zone Models
Hand-calculation Models
Probabilistic modelsan be divided into three basic categories:

A network model
Statistical modeling
Simulation models

1.4.1. Deterministic Models
Field Models(computational fluid dynamics technique)

The most sophisticated deterministic models fomusating
enclosure fires are termed ‘field models’ or ‘CFD@dawls’. Field models of
fire development in structures involve directly fadly 3-D time-dependent
partial different equations of the fundamental @mation laws, and are
used in a wide range of engineering disciplines.

Incident Radiative Flux Swrtace Temperahue
kW) {*Ch

Figure 1.3. Post processed 3D graphics from CFd(fnodel) software
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Equations are solved for mass, momentum, energysprdies at
each of the many points of a fine grid covering émtire volume of the
interior of the structure. In this way, values pegmitted to vary from point
to point within each compartment, and from comparttrto compartment.
Thus, these models have the capability of very rmateusolution of the
equations, and hence accurate simulation of thetgve

Zone models

The theoretical background of zone models is theservation of
mass and energy in fire compartments. Basicallg, niodels take into
account of rate of heat release of combustible maddge fire plume, mass
flow, smoke movement and gas temperatures. They o#l some
assumptions concerning the physics of fire behaarmat smoke movement
suggested by experimental observation of real finesompartments. The
zone models also model the fire compartments irendetail, compared to
that for parametric fires and time equivalence mésh The geometry of
compartments, as well as the dimensions and latatd openings, can be
modeled easily.
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Figure 1.4. Zone Model

Zone models solve the conservation equations &imdt regions. A
number of zone models exist, varying to some degmne¢he detailed
treatment of fire phenomena. The dominant charattes of this class of
model are that it divides the compartment(s) intb Upper layers and cold
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lower layers. The basic assumption of a zone misdélat properties can be
approximated throughout the zone by some uniformetfan.

The uniform properties are temperature, smoke, ayab
concentrations, which are assumed to be exactlye sstnevery point in a
zone. Experimental observations show that the tmifproperties zone
assumption yields good agreement.

1.5. Tunnel Fire

Fires in buildings and transportation systems atlereat to human
lives and also to buildings and cultural heritaljea fire inferno, most of
the victims die due to late detection of the firel@onsequent inhalation of
toxic smoke gases. In addition to the human coresemps, the economic
and cultural loss is significant. Computationalidlidynamics (CFD) is
nowadays widely used to simulate smoke spread anrdpdrature
distribution as well as ventilation measures inira cenario. It allows
improving fire fighting strategies and precautioreasures in order to
suppress the fire as fast as possible and heldgtmpvacuate.

In recent years, it has become apparent that catpoal fluid
dynamics (CFD) can play an important and usefuk rol fire safety
problems. The application of CFD to fire problerasalso known as field
modeling. Field modeling is based on the fundanidates, which govern
the fire phenomena. Therefore, it is a valuableradtive for experimental
investigations and empirical correlations and carapplied as a predictive
tool. In this paper, field modeling is applied tanhel fires in order to
predict the critical ventilation velocity.

A tunnel fire can be considered as a fire-takiragcelin a tube with
two openings, one at each side of the tube. TyicHie cross-sectional
dimensions are much smaller than the length ofetindosure. Above the
fire source, the hot combustion products and snradee in a plume-like
flow due to the effect of buoyancy. Eventually,dbgases impinge onto the
ceiling and spread out radially. Typically, theesidills are quickly reached
and afterwards the smoke propagates beneath thegcei two opposite
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directions along the tunnel axis. At a certainahse from the fire source,
the flow of hot gases becomes essentially one-dioaal. One of the
possibilities to increase the safety of a tunnefoigprovide a mechanical
ventilation system that creates a longitudinal fioside the tunnel.

In most tunnel fires, carbon monoxide from produaftsncomplete
combustion represents the principal life threat aoot formation strongly
affects the extent of flame propagation and th@asated heat flux. This
work has focused on investigations applying CO smot models in a full-
scale wind-aided flame propagation.

2. GEOMETRICAL MODEL

Generally, tunnel geometry is like that;

AT WL

DATE: NDw.85
MEMORIAL TUNNEL CROSS—SECTION [ |

SECTION LOOKING MORTH FIGURE 4—2

Figure 2.1. Schematic diagram of 3D tunnel.

In this study it is modeled this tunnel as a regtdar prism;
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v

A schematic diagram of this 3D tunnel and its geioynare shown
in Fig. 2.2. The walls of the tunnel are made afiazete. The tunnel was
modeled as a rectangular prism with length L =90, midth W =5.4 m.
and height H=2.4m.

(i) 3D

(i) The walls are made of concrete

(ii)Octane fire (pool fire)

(iv)Uniform grid system

(v) Computational mesh with x: 190 cells, y: 50get: 34 cells

10
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Figure 2.2. Full-scale tunnel fire, and the cooatie system for numerical
simulation.

3. PHYSICAL MODEL

A physical model describes the relationship betwtbenmain parts
which define with geometrical model. In other wqrdsdefines the main
physical Fundamentals between the parts that diredein geometrical
model and also it gives the required informationudtsystem behaviors by
making some assumptions to obtain the mathemattiodkl.

The turbulent combustion process is modeled bydaly éreak-up
concept by using two sequential, semi-global step€0O prediction. The
numerical model solves three- dimensional, timeedéelent Navier—Stokes
equations, coupled with sub models for soot foramatind thermal radiation
transfer. The smoke movement is modeled as anadsfmocess, from the
time of ignition until convergence to a quasi-sieathte.

11
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In this study, it can be separated physical moaoit €ifferent parts;
fluid dynamic equations, combustion model, sootmfation and its
oxidation, radiation model.

3.1. Fluid Dynamic Equations

The Mass Conservation Equation:

dp
a(o-U.
?3_/t)+ (('30 uJ) =0 S»= 0 (The mass added to the continuous phase from
X

the dispersed second phase)

Momentum Conservation Equations:

a = — = =
7 #0) +V (o) = —Vp+ V() +pj + F

(ii)

olpu) , o(euu) ,.0p
ot 20X, d X,
(eg.That arise from interaction with the disperphése)

—,ogi = D'TijSGS F=0 External body Force

Energy Equation:
J.-'_li?f-i Eij'.i'Li!jlri'l i (I!':I ﬁ

= T = — == i - "E.
ot 0x; ox; \ Pry n.".\:;_] i U

(iii) '

qc: Heat Release Rate per Unit volume (oxygen Consompate) (from

combustion model)
D.qr = Radiant energy flux (from Radiation model)

12
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3.2. Combustion Model

(i) | kg_C.H, +vikg 0, — (28/12)f, kg CO
+(18/201 — f, 1kg_H30

I:h?l'!r".;—.“\ = f ¥ I
ey = dr = '.":‘_I?Ij*:m[n{..?flllr"l__?_:l
Reactant
iy VeCo+vike O (4 V2 kg CO:
TV IR e s B B o i
daY | Y‘- a-
(thrp = % = — T i TN [ FCG'%]
Products
U
(g, = Vi b Vit
'Lﬁ_ﬂ I 'I-i-.lllf e ':::I ,q' .= —H-:|I.-'h_.

=
Ho=13100kJ/kg

These areeddy-dissipation models: Reaction rates are assumed to
be controlled by the turbulence, so expensive At chemical kinetic
calculations can be avoided. The model is compmriatly cheap, but, for
realistic results, only one or two step heat-radeasechanisms should be
used.

Most fuels are fast burning, and the overall rafereaction is
controlled by turbulent mixing. In non-premixedrfias, turbulence slowly
convects/mixes fuel and oxidizer into the reactrmmes where they burn
quickly. In premixed flames, the turbulence slovdgnverts/mixes cold
reactants and hot products into the reaction zowbasye reaction occurs
rapidly. In such cases, the combustion is saidetonixing-limited, and the
complex and often unknown, chemical kinetic ratas loe safely neglected.

13
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An eddy-dissipation concept is used to formulateéeraction
between combustion, soot and turbulence. With suotodel, it is possible
to address the important issue of CO and soot ptamu for the under
ventilated tunnel fires. Large eddy simulation (lE& the fluid dynamic
equations of 3D elliptic, reacting flow is coupledth soot production and
radiation models.

3.3. Soot formation and its oxidation

In a heavily sooting flame, soot particles generdtem combustion
processes have a significant impact on the radie@acheat transfer
characteristics. Various detailed soot formationdel® would require
accurate knowledge of fuel composition ffz, CsHs, CsHe, OH,etc.).
However, coupling between LES and the detail chiynis track the soot
development stages in relation to its formation atebtruction is not
available due to the prohibitive computation coet farge-scale fire
simulation. In this work, the soot formation ands ibxidation are
incorporated in to a turbulent flow calculationtmo convection—diffusion
equations for the precursor particle density, i§ aoot concentration, {C
This model assumes that soot is formed from a geskeel in two stages,
where the first stage represents the formationadical nuclei, and the
second stage represents soot particle formation fhese nuclei.

The two-step Tesner model predicts the generatiaadical nuclei
and then computes the formation of soot on thestendluent thus solves
transport equations for two scalar quantities:9bet mass fraction and the
normalized radical nuclei concentration:

(i) The first stage represents FORMATION of Radidaklei

a L L L 1 L
E{-ﬂbnu:] +V- {pﬂnw] =V. (;H vbnnc) + Rnu!:
o

14
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PS:b* —F]

nuc

Rﬁuc = R;uc,fmm - R;uc,mmb

Ruucform = rate of nuclei formation (particlesx 10/m 3-s)

‘R';m,mnb = rate of nuclei combustion (particlesxf0/m 3-s)

(i) The second stage represents SOOT PARTICLE FORMATION
from these nuclei.

Jnuc,

%(pb:.m] +V- {Pﬁb;m] =V: ( ad vb;uc) R
* Moot

PS. b;UC - CS 1

Rsoot = Rsout,imt - Rmt,wnb

15
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3.4. Radiation Model

Absorption and
scattering loss Outgping radiation
Iia+es) ds [+ {d1/ds)ds
Ingoming
radiation (T)
- T Somtlering
Sas emission = additian
eT*/ 5 ds o
(7, 5) oTt o, [T
— 2 4t (a+ o )(F,8) =an"— + — I(7,5") ®(5-5") dQd
o =ant T+ 20 [T ) o)
1 1
!
o,=0 n=1 =0 Without
scattering
==
S al
V.- +xl=xK=
> n
g o L 4
Vg, =— | V.QudQ= k|3 wl - 46T
> Sz =1

It can be directly
substituted into energy equation.

16
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4. CONCLUSION

A tunnel fire can be considered as a fire-takingcelin a tube with
two openings, one at each side of the tube. TygicHie cross-sectional
dimensions are much smaller than the length ofetinddosure. Above the
fire source, the hot combustion products and smae in a plume-like
flow due to the effect of buoyancy.

Eventually, these gases impinge onto the ceiling spread out
radially. Typically, the sidewalls are quickly rémd and afterwards the
smoke propagates beneath the ceiling in two oppabitctions along the
tunnel axis. At a certain distance from the firarse, the flow of hot gases
becomes essentially one-dimensional. One of thsilpibses to increase the
safety of a tunnel is to provide a mechanical Vatbin system that creates a
longitudinal flow inside the tunnel.

In recent years, it has become apparent that catnpoal fluid
dynamics (CFD) can play an important and usefuk rol fire safety
problems. The application of CFD to fire problerasalso known as field
modeling. Field modeling is based on the fundanidates, which govern
the fire phenomena. Therefore, it is a valuableradtive for experimental
investigations and empirical correlations and carapplied as a predictive
tool.

In this paper, smoke production in a tunnel fireingestigated
theoretically. But smoke production must be studigdctically. An
application will be presented regarding investigaton prediction of smoke
production in a tunnel fire by using a computerdation.
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