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ARTICLE INFORMATION ABSTRACT

Original Research Paper The 1ssue of fire safety in tunnels is very essential because the closure tunnels increase consequences of
Received 01 March 2018 accidents significantly. Therefore, it is necessary to control fire development and smoke propagation
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with appropriaie measures when fire occur. The ventilation system is used to control smoke propagation

al 1 ) . . N =
Avillable Ouline:l |- May 2018 and the suppression system is used to prevent fire spread in tunnel. In the present study, fire in the

tunnel with operating ventilation and suppression systems are simulated using an open source fire

?ﬁ:ﬁ;m dynamic simulator (FDS). The resulis show that increase water flow rate leads to increase cooling effect

Ventilation system of suppression system, also, increasing the water flow rate from 320 to 1280 liters per minute lead to

Suppression system increase the reduction of radiation flux at the downstream of fire from 40% to more than 75%. With the

FDS activation of suppression system with a median diameter of 100 and 1000 micrometers, the temperature
difference with the environment decreases by about 70% and 34%, respectively. In the case of
downstream area, with decrease in size of droplet diameter from 1000 to 100 micrometers, the radiation
aitenuation increases from 58% to 93%. Air flow leads to transport the droplets to downstream and
increase the air flow rate leads to decrease radiation attenuation of suppression system for upstream
area. The relative position of activated sprinklers affect the cooling and radiation attenuation ability of
system. The suppression system by reducing the smoke temperature enables the ventilation system to
resist the smoke backlayering with a lower velocity than the critical ventilation velocity.
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! Fire Dynamics Simulator (FDS)
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Fig. 4 The temperature difference with the ambient near the ceiling
along the length of the tunnel before activating the sprinklers for the
heat release rate of 10 MW
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Fig. 3 Temperature distribution along the tunnel height at 8 m away
from the fire in the downstream area for different computational grids
for the heat release rate of 10 MW
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Fig. 6 The profile of the ratio of temperature difference after activating
sprinklers to the temperature difference before activating them with the
water flow rate
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sprinklers to the radiative flux before activating them with the water
flow rate in the downstream area
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Fig. 5 The temperature difference with the ambient near the ceiling
along the length of the tunnel after activating the sprinklers for the heat
release rate of 10 MW
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Fig. 9 The profile of the ratio of temperature difference after activating
sprinklers to the temperature difference before activating them with the
median droplet diameter
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Fig. 10 The profile of the ratio of radiative flux after activating the
sprinklers to the radiative flux before activating them with the median
droplet diameter in the upstream area
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Fig. 11 The profile of the ratio of radiative flux after activating the
sprinklers to the radiative flux before activating them with the median
droplet diameter in the downstream area
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Fig. 12 Contour of liquid water concentration 200 second after activating the sprinklers. A-1000 um, b- 100 pm
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Fig. 16 The location of the sprinklers in the tunnel
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Fig. 17 The profile of the ratio of temperature difference after
activating sprinklers to the temperature difference before activating
them with the air flow rate for A and B locations
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Fig. 13 The profile of the ratio of temperature difference after
activating sprinklers to the temperature difference before activating
them with the air flow rate
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Fig. 14 The profile of the ratio of radiative flux after activating the
sprinklers to the radiative flux before activating them with the air flow
rate in the upstream area
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Fig. 15 The profile of the ratio of radiative flux after activating the
sprinklers to the radiative flux before activating them with the air flow
rate in the downstream area
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Fig. 20 The temperature difference with the ambient along the height
of the tunnel at 6 m away from the fire in the upstream area for the
heat release rate of 10 MW before/after activating the sprinklers for
different water flow rate

e 5l 6550 6 alols jo Bigy glis )l slaal jo s b Les 3120 S0
5o 9 i lela 10 susslil &)l & 5 (gl CawsdVh 4l 5o (55900251
e o ol 85 sl bl ileJle

libl o il Jlad b ool £l pgb )kt (59,0 393 S
$lp S g & sl sl g b a8 psh sles
e b dlsioe (Jsb st pree (nlply sl Rl 20 BS

S S sl 093 (228 p Y S5 5l g S

&5 4o § S -6
il 5 a5 prs b olyon (559w i1 (Siluted 4 adllas ol o
s @l b ol asllhe gose gl ol axslyy bigi )0 slibl 2w
oai Jli ol by g5 bl Sl eeajlel g anlis
285 8 aalllas 5jpe B ALT o e g 0l £ el
e 3 A oy 35 et (2N 2 sl s 5T ien
dgai 0,L3l 553 lge 4y g5 e p5lo dalllae ol cissay mls
4 algige iy )0 ST Jop plen clibl g gilo Jlid —
I8 4 T 5l o) ontnti Lo 5 @l I sles (5550 s
Silmled b a5 g5k 4 ame palf |, casorul g oVl
los S ahdo 1 2 1280 o bz £ b elibe] i
b et iy oo (228 50% 5l iy laome b ik Su250 5
s &alS daadi g (GileSS S ST Gl 25 A
320 gleyr 5 b A s 5 b b o i i
ST sl e 8 alold wy oo, riats Lo aids p )
aids p 21280 lor 25k &5 Jlo o il e als 40%
el T5% 3| s 2alS
apsSon 100 5Sin b o b il (s (g5l L =
Aaibas > ol e pals 70% a5 e b Les S
3,50 50 el 34% L alS ol ey Sl 1000 Slis o,lad
ey, See 1006 1000 51 0 )kad o3l 2als b wcess ply amls
By nlply oo 1581 93% b 58% 5l catets G
o bl 05 e s 85 SrsS ol L Lo
b ooype ;0 pall add 5 9p0 gleSiS o clibl
S JoL5 s I3 o s o aoige Gl Conly
Sl 5 B plej A et 3 38 B 5 gole S

219

*
08
Ho06 | . N
S,
=04 | A A
02 [ A position A
# position B
0 1 1 L 1 1 n L 1 1 1 1 1 1 L
0 50 150

" 100
qgir(m3/5)

Fig. 18 The profile of the ratio of radiative flux after activating the
sprinklers to the radiative flux before activating them with the air flow
rate in the upstream area for A and B locations
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Fig. 19 The profile of the ratio of radiative flux after activating the
sprinklers to the radiative flux before activating them with the air flow
rate in the upstream area for A and B locations
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