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Numerical simulation simultaneous use of longitudinal ventilation and smoke
extraction from the ceiling in fires inside tunnels
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ABSTRACT: Ventilation is essential to provide a smoke-free path for safe passenger evacuation and
effective rescue services in case of a tunnel fire, because the closure tunnels increase consequences
of accidents significantly. In the present study, the simultaneous use of longitudinal ventilation and
smoke extraction from the ceiling in fires inside tunnels and physical phenomena has been investigated.
Fire dynamics simulator will be used as a CFD tool. This simulation was performed to investigate the
effect of the longitudinal distance of the smoke extraction system from the fire source on the smoke
back-layering length and the maximum temperature in the two operating conditions used by this system
downstream and upstream the fire source. In the present work, the smoke extraction system is located
on the ceiling of the tunnel. The results show that using a smoke extraction system upstream of the fire
source will increase the maximum temperature, but using the same system downstream will reduce the
temperature throughout the tunnel and prevent smoke back-layering. However, attention to the smoke
extraction velocity prevents the plug-holding phenomenon. The results also show that the simultaneous
use of two smoke extraction systems at the upstream or downstream of the fire source will have a better
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result and The maximum temperature is reduced by 10%.

1. INTRODUCTION

Designing an efficient emergency ventilation system is
one of the main approaches to prevent the perilous fire in
tunnel phenomenon. For this purpose, firstly, fire behavior
and its heat release rate should be investigated. Knowing
about temperature distribution and smoke movement is the
second step.

The issue of fire safety in tunnels is very essential
because the closure tunnels increase consequences of
accidents significantly. Therefore, it is necessary to control
fire development and smoke propagation with appropriate
measures when fire occurs. The ventilation system is used
to control smoke propagation and the suppression system is
used to prevent fire spread in tunnel. Ventilation is essential to
provide a smoke-free path for safe passenger evacuation and
effective rescue services in case of a tunnel fire.

Research has been conducted in recent years to reduce the
risk of fire in tunnels. Heidarinejad et al. [1] studied fire in the
tunnel with operating ventilation and suppression systems.
The results showed that increase in water flow rate leads to
increase in cooling effect of suppression system. Haghani
and Barati [2] studied the effect of blower location on the
maximum temperature and spread of smoke in case of fire
inside tunnels. The results showed that the blower location
has a significant effect on critical velocity and volumetric
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flux and it can reduce critical volumetric flux by at least 11
percent. Kong et al. [3] studied smoke back-layering length
with different longitudinal fire locations in inclined tunnels
under natural ventilation. The results showed that smoke
back-layering length drops progressively with increasing
downstream length.

In the present study, the simultancous use of longitudinal
ventilation and smoke extraction from the ceiling in fires
inside tunnels and physical phenomena has been investigated.

2. PROBLEM STATEMENT AND PHYSICAL
DESCRIPTION

The numerical modeling is performed in a tunnel model
with dimensions of 0.25x 0.25% 12 m. There is a fire occurring
in a tunnel, a burner is used as the fire source. The squared gas
burner with dimensions of 0.1 m is employed as fire source
to supply continuous heat release rates. The burner is placed
on the center of the tunnel; ambient temperature is considered
20 °C. Fig. 1 shows the geometrical representation of tunnel.

3. NUMERICAL MODEL

The numerical model is constructed by Fire Dynamic
Simulator (FDS). The fire dynamics simulator has been
developed at NIST to explore fire behavior and to analyze
the efficiency of fire protection systems. Simulation of fire-
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Fig.1. A geometrical representation of tunnel
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Fig. 2. Distribution of temperature in various computational
mesh

driven flow can be conducted in FDS by employing LES
turbulence model. FDS has been extensively utilized in
research of smoke behavior and its validity has been broadly
verified. Governing equations are solved numerically in FDS.
The physical equations include Navier-Stokes equations for
flow analysis, energy conservation equations for temperature
distribution and other scalar equations for smoke and
particulates transport.

To have a better calculation accuracy, mesh refining is
performed. The FDS user guide proposes a non-dimensional
expression of D‘=<p f g)“ for assessing a mesh resolution
with D*. The recommended value of 2_ is in the range of
4-16 [4]. Fire grid numbers are tudied to confirm that the
results are grid-independent. Along with the numerical
simulations described in the next section, other simulations
are conducted with the precise target of verifying the model
validity, by examining the agreement between experimental
results and model predictions. Fig. 2 shows distribution
of temperature in various computational mesh and Fig. 3
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Fig. 4. ceiling temperature distribution through the tunnel with
use of two smoke extraction systems upstream of fire source
(V,=0.53 m/s)

illustrates the variation of critical velocity with heat release
rate (HRR) and a remarkable agreement is observed and the
simulation is compared with Wu and Bakar [5] and Li et al.

[6].

4. RESULTS AND DISCUSSION

Fig. 4 shows ceiling temperature distribution through the
tunnel with use of two smoke extraction systems upstream of
fire source. The results show that using a smoke extraction
system upstream the fire source will increase the maximum
temperature.
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Fig. 5. ceiling temperature distribution through the tunnel with
use of two smoke extraction systems downstream of fire source
(V,=0.53 m/s)

Fig. 5 shows ceiling temperature distribution through the
tunnel with use of two smoke extraction systems downstream
of fire source.

The results show that using a smoke extraction system
downstream the fire source will reduce the temperature
throughout the tunnel and prevent smoke back-layering.

5. CONCLUSIONS
In this study, Numerical simulation Simultaneous use
of longitudinal ventilation and smoke extraction from the

ceiling in fires inside tunnels was investigated. The results
showed that using a smoke extraction system upstream of
the fire source will increase the maximum temperature,
but using the same system downstream will reduce the
temperature throughout the tunnel and prevent smoke
back-layering. However, attention to the smoke extraction
velocity prevents the plug-holding phenomenon.
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Fig. 7. Geometry examined by placing the smoke extraction system upstream of the fire source.
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Fig.10. ceiling temperature distribution through the tunnel with the combination of ceiling extraction and longitudinal
ventilation (V =0.265 m/s)
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Fig. 12. ceiling temperature distribution through the tunnel with the combination of ceiling extraction and longitudinal
ventilation (V =0.53 m/s)

£EY -



FEYA L FFVY dorao AF v Jlo oV ojlaud Y 080 ¢ pusS yuol SOl quwiins 4 puis

}ld)xoa:le5q>L;\Al,aléwk'xlj\wlﬁ}.ﬁ@@w;p
s 45 oy Ll 108, aalys 18 S5 (slap b pme o i
O 5l akols cplols J18 25T e 5l g5 ¥ oalols o 0gs 15
Lo 51 o0b Sl yiol58l o g <8l walgs als 2 Y 4 s
b sl L Jslo o VL

ey oz o 1) Bes 2l jo les Ol sy loged VY S
)édjév&awdsg.ﬂw&)gh‘ﬂsé)OBJ&c
a5 jehiles ams oo lis ail co 4l 5 e < /YED 55 Job
&ﬂ)bﬁw&w}w}@]b)éw‘owwg}iwd‘
N P PR dLQ.)‘ S0 L)L')’ u...uf); ..\..;—‘)5 6)l5 Ja;‘ru 99 )‘
5l oolazuwl ‘uwTwwaYb@oso ol i panls ol
ol (nl aBbos g Sl Sl 1S (Jsb g5 Sy
5,5 15 090 by 1y (i] i Caons 98 42 45 Cawload el
3575 Slopolaal wnlp 5 oldls 29,5 Cuz ol Gme
P20 09 SiS ol Job chenl Pl 4SS Lol adbaisly
alold 10 050 S i a5 ABb oo e ()15 Lyl 5l SO
Jail};bgocﬁl)'l&.}m)o.wlaﬁjlﬁuwTw}ngpY‘5\
)-»S/-Qw? S99 UL‘)’ wj).) )lb&‘s Cawloads Md"?‘éﬁ ‘5||).>u
il e e ¥ Ioga 288 5 Y ol Jsb Lol sl oo

350 by CaiS 5 09d o el g0 b Colae jo ol en
390 5, S oS p2 sl ld o aias Gl cewoVl G 4
155 b o S ) Snlontts ool s s s
S p o0 5k (s st pien 50 S S 65510 @
30 990 (iS5l olatil aze i o Cllls pualgS 090 b >
395 by S p 4y yzeie &S ol az g b (15T ke s (s
DY gaze g 993 5l 5yle g (roal WalS e S Wl oo 39 003
Slopolaal sl eizman 5 oldles 18 5 s5e sl |, 3l
A0S ol
DS s 4z 1o Cewlonds adein VY (JSG j0 a5 jghailes
slalos canloads yiin Fei caiiw ;o 0ubasd mivwgw Jawgi 090
Cooladl, pals cdls g0 51 Sy 50 piaenw ol o saiels
WBb i Jigh Rl )3 4385 ] 3 i 393 (ASe Cae e a4z 50
i | s (pl Lanwgs 3l il DY gaze 9 993 I (6 b pon>
Cassioly Cems &4 393 3l ($ S oz 5 S5 5 g
Sy ) i Cde e 4 05 walsS LS o s )
9399 5 S o> &5 4l p e ) 9 VT e (A6 lo
Cewd sy Crond jo Canslonds > gy i 5l 51 gl Y guasms
Al Casloads &l b sS g0 5 Jawgs (6,508 (sbaled pivs oyl
b 5 358 S s ety e 3 Los s

Py ol 5 3 25T gt 3l 520 ) Lol 2 s 3l 45

250 250
ceiling extraction velocity ceiling extraction velocity
| ——— (O m/s —— Om/s
200 = -t = 1mf 200 - === = lm/s
I wsespesems 2m/s
- 3 m/s
150 - 150 =
o G
= <
= =
100 - 100 -
S0 S0
ol L 1 1 ol . 1 —_— 1
4 6 8 10 12 4 6 8 10 12
X (m) x(m)

o ¥ alold ;0 090 Ko e (&

o ) alold 0 090 S0 o (A1

(V =27Y70m/8 ) S 5 4905 w31 00liiwl (ylo 30 Figh J51 53 Lod @il s logai Y JSCi
Fig. 13. ceiling temperature distribution through the tunnel with the combination of ceiling extraction and longitudinal
ventilation (V =0.265 m/s)
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