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Abstract

Computational fluid dynamics (CFD) is nowadays Widesed to simulate smoke
spread and temperature distribution as well as N&tidn measures in a fire scenario. It
allows improving fire fighting strategies and preti@an measures in order to suppress the
fire as fast as possible and help people to evacuatrecent years, it has become apparent
that computational fluid dynamics (CFD) can play amportant and useful role in fire
safety problems. The application of CFD to fire lgeoms is also known as field modeling.
Field modeling is based on the fundamental lawsclvhjovern the fire phenomena.
Therefore, it is a valuable alternative for expegimal investigations and empirical
correlations and can be applied as a predictive.tdothis paper, field modeling is applied
to tunnel fires in order to predict the criticalilation velocity.

BIR TUNEL YANGININDA DUMAN OLU SUMUNUN
BILGISAYAR SiMULASYONU KULLANILARAK
INCELENMESI UZERINE BiR UYGULAMA

Ozetce

Bir yangin senaryosunda havalandirma ayarlamalduman yayihminin ve sicakhk
dagiliminin simile edilmesi icin hesaplamali gdanlar dinamgi (CFD) buginlerde ¢ok
sikca kullaniimaktadir. Bu ydntem muamkin gldukadar hizli bir sekilde yangini
séndurmek ve insanlarin o boélgeyisetimalarina yardimci olmak icin yanginla micadele
stratejilerinin gelstiriimesi ve 6nlem ayarlamalarini gkar. Son yillarda CFD'nin yangin
glvenlgi problemlerinde kullali ve 6nemli bir rol oynagi acgikca goriimektedir.
Yangin problemlerinde CFD uygulamasi ayni zamarde snodellemesi olarak da bilinir.
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Saha modellemesi yangin olayini yoneten temel karsubaglidir. Bu nedenle deneysel
arastirmalar ve ampirik korelasyonlar icin gerli bir alternatiftir ve o6ngorulerde

bulunmaya yardimci olan bir ara¢ olarak gsarrulabilir. Bu ¢calsmada tinel yanginlarinda
kritik havalandirma hizinin  tespit edilmesi makgéli saha modellemesine
basvurulmutur.

Keywords:Fire, CFD, Field modeling, Tunnel Fire.
Anahtar Sézcukler:Yangin, CFD, Saha modellemesi, Tiinel yanginlari.

1. MATHEMATICAL MODEL

The finite-difference technigue is used to discretize the partial
differential equations. This procedure entails thabdividing of the
calculation domain in to a finite number of cellghe velocities () are
taken on the boundary of each cell ; and all ttdasovariables are taken at
cell centers. This staggered grid leads to a vdfigient differencing
scheme for the equations. All spatial derivativese approximated by
second-order central differences and the flow dem are up dated using
an explicitsecond-order Runge—Kutta scheme

The momentum equation is simplified by subtractiffgthe hydrostatic
pressure gradient from the momentum equation, haed tividing by the
density. An elliptic partial differential equatiazan be obtained by taking
the divergence of the momentum equations, yieldingoisson (pressure-
like) equation which is solved with a fast, direaethod. The inert solid
surface is considered as adiabatic, and the no-cehdition is imposed by
setting all velocities to zero. The burning surfaseconsidered as a pure
combustible material.

At the tunnel entrance, an open boundary condisonsed, allowing
combustion products to exit through the entranceth# backflow is
sufficiently strong. The pressure is prescribedeteling on whether the
flow is incoming or outgoing at the tunnel entrance
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Figure: 1.1. Meshed rectangular prism

Figure: 1.2. One example cubic volume of meshed cubic volume

47



Ering DOBRUCALI

The finite-difference:
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These partial differential equations which are &el@ in this study are
solved by FLUENT 6.3 simulation program.

CONT/NUITY AND MOMENTUM EQUATIONSFor all flows,FLUENT
solves conservation equations for mass and momertanflows involving
heat transfer or compressibility, an additional aopn for energy
conservation is solved. For flows involving speaesing or reactions, a
species conservation equation is solved or, ifnte-premixed combustion
model is used, conservation equations for the mextisaction and its
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variance are solved. Additional transport equatianmesalso solved when the
flow is turbulent.

RADIATIVE TRANSFER EQUATIONhe DTRM and the P-1, Rosseland,
and DO radiation models require the absorption fmeft @as input. @
and the scattering coefficiert; can be constants, andcan also be a
function of local concentrations of D and CQ, path length, and total
pressure. FLUENT provides the weighted-sum-of-gray-gases model
(WSGGM) for computation of a variable absorptionefficient. The
discrete ordinates implementation can model razhain semi-transparent
media. The refractive inderof the medium must be provided as a part of
the calculation for this type of problem. The Rdassd model also requires
you to enter a refractive index, or use the defeallte of 1.

MODELING SPECIES TRANSPORT AND FINITE-RATE CHEMISTR
FLUENT can model the mixing and transport of chemicalcEse by
solving conservation equations describing convactidiffusion, and
reaction sources for each component species. Neiltggmultaneous
chemical reactions can be modeled, with reactiac@uming in the bulk
phase (volumetric reactions) and/or on wall orip&rtsurfaces, and in the
porous region.

SOOT FORMATION:FLUENT provides two empirical models for the
prediction of soot formation in combustion systenhs. addition, the

predicted soot concentration can be included inpifegliction of radiation

absorption coefficients within the combustion sgsté&Ve can include the
effect of soot on radiation absorption when we tise P-1, discrete

ordinates, or discrete transfer radiation modehvat variable absorption
coefficient.

2. SOLUTION

The finite-difference technique is used to discretize tpartial
differential equations. This procedure entails the subdividiofg the
calculation domain into a finite number of cellfieTvelocities (1) are taken
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on the boundary of each cell; and all the scalaialbes are taken at cell
centres.This staggered grid leads to a very effiaiferencing scheme for
the equations. All spatial derivatives are apprated by second-order
central differences and the flow variables are tgumlausing an explicit
second-order Runge—Kutta scheme

But it is studied 2 dimensional (2D) Modeling Sgscilransport and
Gaseous Combustion tutorial after 5.1.3 Prograrhgien steps part.

2.1 Parameters
2.1.1 Physical Properties

p =Density (It changes with time[t] an x, y, z directivariables)
g = Acceleration of gravity in the co-ordinate ditieas x, y and z
M, =Turbulent viscosity

T = Temperature
P= Pressure

2.1.2. Physical Constants

Cs<= Smagorinsky constant0.21

Cu, Ce empirical constants in turbulence mod6l0856, 0.845
f—g =constant in soot model

a, B = constants in soot model

o =Stefan—Boltzmann constant

k =total absorption coefficient

Ao= Constant in soot model

Cegu = Constant in EBU model

2.2. Programs solution steps
2.2.1 Grid step

Xmax @andY max are 90 and 2.4 m, respectively. | changed Sealois X=50

and Y= 10.66. There is a rectangular prism modedireé like the Figure
5.1
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Scale Grid X

Scale Factors Unit Conversion

X ,W Grid Was Created In m
Y W Change Length Units
Domain Extents
Xmin [m] ,;37 Xmax [m] ,137
Y'min [m] ’37 Ymax [m] ’T

: Scale ! Unscale| Close | Help |

Figure 2.1.Grid scale

FLUENT

2.2.2. Models Step

After it is composed a grid scale, it can be chatige models in
FLUENT. It will defined the domain as axisymmetite solver.

It will be enable heat transfer by enabling thergg equation and
select the standark- € (2-equation) turbulence model for viscous

It will be enable chemical species transport arattien. Mixture
properties is selected actane air for my model. Turbulance-chemistry
interaction is selectedddy-Dissipatiorand reactions is selectedlumetric
The eddy-dissipation model computes the rate oftima under the
assumption that chemical kinetics are fast compé#wethe rate at which
reactants are mixed by turbulent fluctuations (esidi

Species Model E3
Model Mixture Properties

 Off Mixture Material

 Species Transport methane-air | view...

© Non-Premixed Combustion ‘ - JQ

© Premixed Combustion of ¥ ic B

© Partially Premixed Combustion

¢ Compoesition PDF Transport Turbulence-Chemistry Interaction

© Laminar Finite-Rate
© Finite-Rate/Eddy-Dissipation
= EddyDissipation

~ EDC

Reactions

¥ Wolumetric
-

Options
~ Inlet Diffusion
¥ Diffusion Energy Source
™ Full Multicomponent Diffusion
I~ Thermal Diffusion

OKTY Apply Cancel Help
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2.2.3. Materials Step
In this model, mixture is n-octane air and selesteecies ar€gH g, Oo,
COy, HO, No

Mixture ‘methanrair

Available Materials Selected Species

In this model, mixture part is octane-air and coefhts are
different. The eddy-dissipation reaction model igsochemical kinetics
(i.e., the Arrhenius rate) and uses only the patarsan the Mixing Rate
group box in the Reactions panel. The ArrheniugeRabup box is therefore
inactive. (The values for Rate Exponent and ArragriRate parameters are
included in the database and are employed whenaltegnate finite-
rate/eddy-dissipation model is used.)

For material box, gis constant 1000 J/kg-K . The initial calculation
will be performed assuming that all properties @tatensity are constant.
The use of constant transport properties (viscositgrmal conductivity,
and mass diffusivity coefficients) is acceptabledese the flow is fully
turbulent. The molecular transport properties wilay a minor role
compared to turbulent transport. The assumptiooootant specific heat,
however, has a strong effect on the combustiortisolu
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2.2.4. Boundary Conditions

It will be converted the symmetry zone to the ayjge. The symmetry

zone must be converted to an axis to prevent nealedifficulties where
the radius reduces to zero.

It will be enteredair-inlet for Zone Name. Velocity is 0.5 m/s,
hydraulic height of this tunnel is 3.3 m.

It will be enteredf uel -inl et for Zone Name.Hydraulic Diameter is
for fire is 1.2m. TheBackflow values in thePressure Outlet panel are
utilized only when backflow occurs at the pressordlet. Reasonable
values should always be assigned, since backflow wmecur during
intermediate iterations and could affect the solustability.

It will be set the boundary conditions for the ouaall ( wall-7). And
set the boundary conditions for the fuel inlet HeZavall-2).

Boundary Conditions E]

Zone Type
i e
interior-4 exhaust-fan

ressure-outlet-9| |[inlet-vent
Symmetry 5 - =] (IS
wvelocity-inlet-6 interface
wvelocity-inlet-8 mass-flow-inlet
wall-2 outflow
wall-7 outletwvent
pressure-far-field
pressure-inlet
pressure-outlet
symmetrny .
1D
|5

Set... | Copy...| Close | Help |

2.2.5. Initial Solution with Constant Heat Capacity

I will be enteredo. 95 for each of the speciesgHs, O,, CO,, and
H-0) in theUnder-Relaxation Factorsgroup box.
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The default under-relaxation parametersFIDUENT are set to high
values. For a combustion model, it may be necegsargduce the under-
relaxation to stabilize the solution. Some expentaton is typically
necessary to establish the optimal under-relaxatt@m this tutorial, it is
sufficient to reduce the species under-relaxatm9.95. The solution will
converge in approximately 300 iterations

|
Options Contours of
¥ Filled ‘Ttmpeml ______ j

Iteration ¥ Node Values =
¥ Global Range ‘ShtlcTemp:rature j

Number of lterations [s gg il 2 e oo fos o

I Draw Profiles
I~ Draw Grid Surfaces HE

Reporting Interval il S @0 it -
P 9 1 7 ]Lleél %é‘ fuel-izlet

interior-4

. - Surface Name Pattern |npzzle b
UDF Profile Update Interval |4 El [ OE
 Maeh | [Sipeur

exhaust-fan
fan v

‘ Apply‘ Cluse| Help|

(Bisplay | Compute|  Close Help

Figure 2.2.Static Temperature

The peak temperature, predicted using a constaat tepacity of
1000 J/kg-K, is over 3000 K. This over predictidrtiee flame temperature
can be remedied by a more realistic model for theaperature and
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composition dependence of the heat capacity, astriéited in the next step
of the tutorial.

2.2.6. Solution with Varying Heat Capacity Step

The strong temperature and composition dependdrbe specific heat
has a significant impact on the predicted flameperature. In this step, it
will be used the temperature-varying property infation in theFLUENT
database to recompute the solution.

It is selectedmixing-law from theCp drop-down list in thdroperties
group box. The specific heat of the mixture wilWnbe based on a local
mass-fraction-weighted average of all the species.

HEH——

Material Type Order Materials By
[ [fid || ® Name
~ q
Fluent Fluid Materials Shemicallomut
| ‘W’bU"’diUXidE [co2) j Fluent Database...
Mixture User-Defined Database...
‘malhane-air j
Properties
RGN e cevise-polynomial | Edit..
Molecular Weight [kg/kgmol] | J
constant -
|4 00995
Standard State Enthalpy (jtkgmol) ||:un5|ant j
|-3.93532ue+ 08
Standard State Entropy [jfkgmol-k] ||:nn5lnnt j
[213720.2 o
Change{Create ‘ | Close ‘ Help ‘

It is selected carbon-dioxide (CO,) from the Fluent Fluid
Materials drop-down list andpiecewise-polynomialfrom the Cp drop-
down list in the Properties group box. In a similar manner, enable
temperature dependence of specific heat for thaireny species (§1s,
N, O, and H O).

55



Ering DOBRUCALI

And now, it is requested 500 more iterations. Tésduals will jump
significantly as the solution adjusts to the newcsjic heat representation.
The solution will converge after approximately 28@itional iterations.

3. POSTPROCESSING

Lets review the solution by examining graphicalpitays of the results
and performing surface integrations at the combustat. The peak
temperature has dropped to approximately 2300 Kaaeesult of the
temperature and composition-dependent specific . h8amperature
distribution displays in Figure 6.1. Spesific hdeplays in Figure 6.2

Figure 3.1.Contours of Temperatufagure 3.2 Contours of Spesific Heat
variables oC

The mixture specific heat is largest where tlgel{gis concentrated,
near the fuel inlet, and where the temperature @mubustion product
concentrations are large. The increase in heatcttgpaelative to the
constant value used before, substantially lowergptak flame temperature.
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Figure 3.3.Velocity vectors Figure 3.4.Contours of Stream Function
The entrainment of air into the high-velocity metlget is clearly visible in
the streamline display. Lets display filled con®wf mass fraction for
CgHigand Q, CO,, and H O respectively.

|||||

Figure 3.6.Mass Fraction @

Figure 3.5.Mass Fraction 18
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FLUENT

Figure 3.7.Mass Fraction@ Figure 3.8.Mass Fraction kD

Surface Integrals
Report Type Field ¥ariable
|Mass—Weighted Averagj |Temperature... j
Surface Types EE |Static Temperature -
axis ~ ==
clip-surf Surfaces HE
exhaustfan air-inlet
fan w || [ axis-b
Surface Name Pattern fﬁ::_r'lgl:;
~  Match nozzle
outer-wall

Mass-Weighted Average (k]
|1?95.?u

§Compute§| Write...| Close | Help |

The mass-averaged temperature will be computed as:

[Tpi- dA

T — 1P ¢
[ pii-dA
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The Mass-Weighted Averagefield will show that the exit temperature is
approximately 1796 K.

Surface Integrals |§

Report Type Field VYariable
|Area—Weighted Averag(j |Ve|ocily...

Surface Types E

L

= |Ve|ucity Magnitude

axis ~
clip-surf Surfaces HIE
exhaustfan air-inlet
fan w || | axis-5
fuel-inlet
Surface Name Pattern interior-4
Match nozzle

outer-wall

pressure-outlet-9

Area-Weighted Average [mfs]
|3 137691

§Cumpute§| Write...| Close | Help |

The area-weighted velocity-magnitude average veilcbmputed as:
1
U= E/‘U dA
The Area-Weighted Average field will show that the exit velocity is
approximately 3.14 m/s.

59



Ering DOBRUCALI

3.1 NOx Prediction Step

NOx Model E
Models Formation Model Parameters
Formation | Reduction Turbulence Interaction | Thermal | Prompt | Fuel | N20 Path |

Turbulence Interaction Mode

PO Mod WLLELY o4 rtial-e quilibrium v
0dE |, t -
[temperature El [OH] Mode! [nane B
Beta PDF Points (18 i‘

Apply| Cluse| Help |

This will be enable the turbulence-chemistry intdcn. If
turbulence interaction is not enabled, you willdmenputing NOx formation

without considering the important influence of tuldnt fluctuations on the
time-averaged reaction rates.

It will be predicted NQ formation in a "postprocessing" mode, with
the flow field, temperature, and hydrocarbon conibus species
concentrations fixed. Thus, only the NO equatiorll wee computed.
Prediction of NO in this mode is justified on theognds that the NO
concentrations are very low and have negligibleaotn the hydrocarbon

combustion prediction. And now it has to be itedat® more times. It
converges immediately.
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FLUENT .3 ske)

Figure 3.9.Contours of NO Mass Fractio

The peak concentration of NO is located in a negad high
temperature where oxygen and nitrogen are availdibleill be calculated
the average exit NO mass fraction now. Mess-Weighted Averagedfield
will show that the exit NO mass fraction is approately 0.00464Now it
will be iterated 50 more times.

FLUE

Figure 4. Contours of NOnass fraction: Thermal NQormation
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The concentration of NO is slightly lower withotiet prompt NOx
mechanism. Now it will be used a custom field fumectto compute NO
parts per million (ppm). NO ppm will be computearr the following
equation:

NO mole fraction x 108
I—HQO mole fraction

Custom Field Function Calculator; |

Definition
|moleF—p011ut—p011utant—l] =18 ~ & / {1 - molef-h2o)

NO ppm —

+ - w i yx | ABS |Select Operand Field Functions from
INV sin cos tan In logi0 || Field Functions

0 1 2 3 4| somr| |Spectes. -
5 6 7 8 9 | cEfc || Mole fraction of h2o B

( | 1 | | e | . | DEL| Select|

New Function Name |no—ppm

| Manage...| Close | Help

4. SUMMARY AND CONCLUSION

The procedures used here for simulation of hydtmracombustion can
be applied to other reacting flow systems. Thisr@ge illustrated the
important role of the mixture heat capacity in theediction of flame
temperature. The combustion modeling results amansrized in the
following table.
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Peak Temp.Exit Temp.| Exit Velocity

(K) (K) m/s
Cp
Constant 3078 2198 3.84
C
Variable r 2302 1796 3.14

The use of a constant, sults in a significant over prediction of the
peak temperature. The average exit temperaturevelodity are also over
predicted.

The variable @ solution produces dramatic improvements in the
predicted results. Further improvements are passiby considering
additional models and features availabl&ELJENT .

The NG production in this case was dominated by the théiMO
mechanism. This mechanism is very sensitive to &atpre. Every effort
should be made to ensure that the temperaturd@olstnot over predicted,
since this will lead to unrealistically high pretdid levels of NO.
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