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Abstract

In case of fire in a subway station and if the firroke extraction is not handled properly, passsngay be trapped and thus would be in
a life-threatening situation. The most immediatedh is not direct exposure to fire, but the smiokalation. The smoke contains hot air
and toxic gases. The increasing rate of use of aylstations could lead to an increase in the frequef serious fires, thus subway
station designers and operators must consideiralafpects, smoke propagation, and ventilaticategires within their facilitiedn this
paper, heat transfer through the spread of smolkerevent of a fire in a subway station is examhide concerns the identification of
ventilation strategies in the station so as to i®wsecurity for passengers and rescuers, basedimerical simulations using the FDS
software. Smoke control strategies by traps locatetie ceiling associated with different tunnettilation were investigated. The results
show that the safest strategies are mainly thodeair flow rate blown into the station from theahels less than the flow rate extracted by
the traps. The least safe scenarios are those wheneentilation through the tunnels is accomplisiéth flow rate greater than the one
extracted by the traps.

Keywords: Smoke ; propagation ; subway station ; strategantilation ; simulation

1. Introduction produced by a fire reduces visibility and creatasggrous

With the rapid growth of cities and consequenthapid situations to the users and the fire fighters, &iimd

. . . . rompt emergency evacuation.
increase in population, subway has become a maijolicp promp gency

_ . . It has been recently shown that an optimized iagitn
transportation. It is an effective way to solve ffica

problems. Algeria, and particularly the capital idkg has system for fire safety in underground stations nmay

. L . N necessary be associated with a strong ventilatiow. f
put into operation its first commercial Metro lime2011.

. . . . Under strong ventilation, the hot smoke front tetwsnix
During subway construction, there is a substantial

problem that is how to prevent and deal with subiiey with surrounding fresh air flow induced through opgs

. . . . . and exit doors, thus endangering the users [1l]cdebr
effectively. Fires are major risks in undergrourmhces. genng [

. . tilati ill affect diff tt d sizekfive load
They have claimed lives of several passengers gjmut ventiiation Wil afiect difierent types and sizesine foads

the world. Subway station is prone to fire due ts i in different ways. It will bring with it a plentifusupply of

- , I oxygen which might tend to increase the severitythef
structural characteristic of confined space whengtilation yo 9 i

depends mostly on mechanical systems. Thick Smokeblaze' but it might also have a cooling effect vahiaay
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tend to reduce the severity of the phenomenonalt aiso
cause fire to spread across at a significantlyefast slower
rate. It may even put the fire out entirely. Théatige
importance of each of these factors has not beequadely

investigated [2]. Therefore, a well-designed emecge

Numerical Security Assessment in Underground Transport Spacesin Case of Fire

fluid dynamic simulation of a train fire in the swuay
station.

Andersson et al,[9] investigated the single exit
underground station of Zinkensdamm in Sweden irota

improve the evacuation in case of fire on the platf A

ventilation system can save many people’s lives andsmoke spreading in case of fire in a train on tladfgrm

belongings.

The Prediction of smoke movement in buildings and

was visualized with the help of the CFX 4.3 program

Kang, [10] provided models for smoke propagation and

underground stations and the design of smoke dontro investigated the natural and forced ventilationotigh

systems are essential to lead to safe strategyeatian in
case of fire. To be able to design a control sipgtean
expert in fire safety needs to establish severghrpaters

that describe the dynamic of the smoke movementitand

tunnels in case of fire in a subway station. Deficy in
determining the visibility through their approachasw
reported. Rie et al.,, [11] evaluated experimentadiyd

numerically the effectiveness of smoke management

impact on the occupants. To predict the movement of systems by fans whose role is to ensure a sustainab

smoke, fire safety engineers rely on modelling gpslich
as simple empirical models or complex CFD models
depending on the objective of the study. CFD prograre
capable of simulating a wide variety of problemisated to
fluids [3-4].

mathematical

Moreover, in recent years, several
models have been used
parameters of smoke in confined and semi-confipades.
The effects of phenomena, such as stack effect hwhic
occurs during the exploitation of transport netwevkre
examined [5]. Smoke extraction by roof vent in antel
was numerically simulated, using CFX program and
compared with experimental result§]. Willemann and
Sanchez, [7] discussed some of the computationdktimy
techniques and analysis carried out to design aelun
ventilation fan plant for the New York City subway
order to improve the safety level in the systeme Btudy
showed how computer modeling techniques and amalysi
helped the design of tunnel ventilation fan plants.
Shahcheraghi et al[8] investigated the effect of fan
starting time on the performance of a subway gtatio
emergency ventilation system. The method includécha

dependent fire growth within a transient computadio

environment for the evacuation of users. Park et[B2]
carried out a numerical analysis with the FDS [d@fware
to examine the ventilation characteristics and the
movement of smoke in line 4 of the Suyou statioKamea.

They reported that a large extraction of smokeeases the

to quantifyescape time and the level of fire safety. The oefiaf

platform screen doors (PSD) and ventilation ondhtety

of occupants of the Seoul subway system has been
discussed through simulations with the FDS softwaye
Roh et al.,[14]. Their conclusion reveals that when PSD
technology is used, passengers will have more time
escape.

Despite all these studies, smoke and fire are alvilag
worst enemies of man in underground stations. More
studies are needed, especially in the aim to bthg
underground stations security to standards of new
technological advances. A preliminary study onghbject
was initiated. The results were quite satisfacfaby.

The purpose of the present study is to assesgvbedf
security in a typical subway station using FDSwafe for
more selected scenarios. The analysis of temperatod
velocity fields in the station is accomplished irder to

determine the most critical fire scenarios.
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The strategy for evacuating fire fumes
underground stations uses two extraction trapstédcin
the ceiling at both ends of the station as showRriguire 1.
The tunnels on both sides of the station are enspldp
extract smoke from the station or to blow in fresh The
four passenger entrances on both sides of theostatie

kept at atmospheric pressure.

Tixtraction traps
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Fig.1. Sketched configuration of the station andrutary conditions

2. Numerical Approach

Mathematical modelling of fire growth and smoke

movement in any building presents a major challehis
only it is difficult to simulate physical phenomesach as
turbulence, radiation heat transfer, combustion ut, &iso
parameters
conditions, available ventilation. All have an inapan the

behavior of the fire and the smoke.

FDS is a computational fluid dynamic model of fire-

driven fluid flow. The software solves numericalyform
of the Navier-Stokes equations appropriate to Ipeesl,
thermally-driven flow with an emphasis on smoke &edt
transport from fires. Smokeview is a visualizatfmogram
that is used to display the results of the FDS Hitian.
FDS has been aimed at solving practical fire pnoislién

fire protection engineering. It uses a mixturecfien

such as location of fire, external wind

from combustion model. The model assumes that combuistio

mixing-controlled, and that the reaction of fuetlasxygen
is infinitely fast. Turbulence is treated using darEddy
Simulation (LES) model.

The equations are solved in order to obtain théutiom
of the distribution of averaged flow quantities. diibnal

information can be found in McGrattan, [13].

2.1. Description of thephysical domain

The station which is the subject of this study tgmcal
one level station of an underground transport ngkwi is
70 m long, 14 m wide and 4 m in height from thetfplan
ground. The train parked on the right of the statie
composed of four carriages. Each carriage has tiwees
on both sides. The total length of the train isr84The
station with one platform on each side has fourseager
entrances and two bi-directional tunnels at eadh o
ensure the smoke is well controlled during fireg ghation
is equipped with two mechanical ventilation systetns
evacuate smoke, located on the ceiling, (Fig. hg fate of
blowing fresh air or extracting fumes by the tumsrislfixed

depending on the smoke evacuation scenario coesider

2.2.Boundary conditions and specifications

The boundary conditions are defined at the tunaets
at the ceiling extraction traps. The various fiogdtions
mean that many scenarios can be investigated. A ofs
fire, occurring at one of the carriages of a trgenerating
a constant thermal power of 15 MW is considerede Th
source of fire on the train is located at differgmints
according to the scenarios considered. Temperaitire
evaluated along the middle of the right platfornhaight z
=1.5mand depthy=2m.

CFD numerical simulations require hours or evensday
to run on the latest personal computers. One ofntbet
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significant factors influencing the computation éins the
size of the computational grid specified. It is bnjant to
determine an appropriate grid size for a given
computational domain.

FDS simulations for selected grid sizes were pearémat
to highlight the effect of grid size on the estifoas of the
temperature. Obtained temperature distributions ewer
compared. In the vicinity and the centerline of fine the
temperature is higher when the grid sizes are firtee
choice of the grid resolution is important for fvediction
of the temperature in the fire area.

To validate the chosen grid size with respect &ofite
area, the plume centerline temperature is detedniseng
a well established Heskestad’'s empirical corretafib6]
to FDS predicted
Heskestad correlation provides an estimation thaiaser
to that obtained for the adopted grid size of 0.26@125m

x 0.25m.

and compared temperatures.

The physical domain is then divided into three sub-
zones, meshed equally in the three directions Efjufhe
first zone, represented by the volume of the twatfptms
has 250,880 cells. The second zone, representetheby
volume of the train space, has 6,720 cells, andbgtezone,
the railways has 42,000 cells. The total numbemeshes
is 299,600. The numerical simulation was carriet! fou
the whole domain. Simulation was performed up t6s30
This is the time required to evacuate passengésl/§a7].
When a mechanical smoke control is engaged, a % m
flow rate is prescribed at each trap at the ceilif@n the
solid walls, a non-slip condition, constant tempera
(taken equal to 20 °C) and zero smoke flux are rassu
Because the train is parked, no pulsating air me&rens

considered. More data are given in Table 1.

Numerical Security Assessment in Underground Transport Spacesin Case of Fire

Table 1

Boundary conditions

Size (mx m)  Boundary conditions
Traps 2x25 Const. output flow rate (Q=58n
Pass.Entr.  3x25 OPEN
Tunnels 75x4.5 Extracting and blowing flow rates

T OPEN means that there is no condition imposedoditgl,
temperature and pressure are those of the domain.

2 Flow rates calculated at velocity of 1, 1.5, 2] 8mm/s.

The main objective in smoke control system analigis
the assessment of the ability of the emergencyiladoh
system to provide safe zones in the event of fi@ a
tenable environment within short periods, the air
temperature below minimum height of 1.5 m should no

exceed 40°C. NFPA 130 [17] requires less than four-

Theminute for platform evacuation time period and sixute

time period for all passengers to reach safe point.
For this aim, we used in this investigation twdemia,
the area 1.5 m above the platform should be cleamoke

and its temperature should not exceed 40°C.

To assess the smoke propagation in the station, we
simulated four scenarios. The fresh air flow rat& tan be
blown in or the smoke which can be extracted oatnfr
each tunnel is taken equal to 0, 33.375, 50, arfdnis,
respectively, while the extraction from the traps i
maintained constant at 50%® per trap. These correspond
to four emergency ventilation cases: (1) no vetitiia
through tunnels (NVT); (2) total ventilation thrdugunnels
is less than that from the traps (LVT); (3) totehtilation
through tunnels is equal to that from the traps Nt\4)
total ventilation through tunnels is higher thaattirom the
traps (HVT). The ventilation imposed on tunnels dan

either extraction of smoke or blowing of fresh air.

2.3. Scenarios and nomenclature

In order to better enhance the advantages of one

ventilation strategy over another, and becausédeflarge
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number of cases simulated, we only introduce thestmo global energy balance. For the selected scendhissheat

representative cases. These are obtained for fain m balance occurs at approximately 100s dependinghen t

strategies: 1) No Ventilation (NVT), 2) Low Ventilan conditions imposed. Beyond this time, smoke behaail

(LVT), 3) Moderate Ventilation (MVT), and 4) High gas temperature vary very slightly. The predictesllts of

Ventilation (HVT). the temperature field and smoke propagation fors30@
To identify the safest fire scenarios for passesgee summarized for the four ventilation strategies.

classify the results of the simulations with resp@cthe

average temperature measured at the transversespin 3.1.Strategy 1: No ventilation (NVT)

P,, P; and R, over a time of 300s. In order to make easier  Table 2 shows the average temperature obtainelein t

the pinpointing of cases, we have establisheddhewing middle of the right platform at 1.5 m height foufocases

nomenclature: each case is named case ABC, where Anvestigated. The condition imposed on tunnelSOBEN)

represents the location of the fire in the trai={Ameans (i.e. no charge is specified).

the fire is on the surface of the carriage, A=2 mnsethe fire

is at the tires), B represents the carriage on(Brel means Table 2

Average temperature for the strategy without vetitih by tunnels

the fire is located in the first carriage, B=2 medme fire is

Case Average temperature of the right platformeattd
located in the second carriage), C representsehglation y=2m and heighth = 1.5 m (° C)
strategy engaged in tunnels (C=0 means no ventfilati ABC Py P P P
] ) ] 110 27.0 20.7 22.0 214
through tunnels, C=1 means the air flow is blown in 120 21.9 307 28.6 213
through the two tunnels, C=2 means the air flovelewn 210 508 24.9 212 224
220 29.8 411 419 221

in through the left tunnel and smoke is extractad o
through the right tunnel, C=3 means the air flovbliswn In these four cases, extraction of air and smokeade
in through the right tunnel and smoke is extracted only through traps at the ceiling with a 108/srtotal flow
through the left tunnel, C=4 means smoke is ex¢choiut rate. The conservation of momentum in the statimolves
through the two tunnels). an extra air flow through tunnels and passengeniogs,
with average velocities over the range 0.5 and & onf
3. Results and Discussion tunnels while it is between 1 and 1.5 m/s on pagsen

) o ) openings. It can be observed from table 2 thatsc24®
For the design of a ventilation system, for whitie t .
- ) ] and 220 represent a moderate risk for passengecaube
worst case situation will be that of the fully deoped fire, _ )
) ) the temperature of the smoke exceeds just sligthtdy
steady simulations are performed. N o
. ) . critical temperature of 40 °C. The air induced tlylo
Steady state regime varies according to the styateg _ _ ) )
N ) S ) . passenger doors, like the location of the firels tires
conditions applied. For scenarios in which the fsethe ) ) _
] o (presence of more organic material), contributesth®
primary source of energy, after the gas temperstwithin ) ] ] ) )
_ _ strengthening of the fire which results in an ise® of
the computational domain reach a nearly steadye,stat
_ temperature.
imposed constant heat release rate HRR should o )
] ) The heat generated by a fire increases the amhient
approximately be equal to the convective heat yaiss ) . ]
o ] o temperature. As a result, it expands and increases
radiative rate is neglected. This is merely a chetkhe _ ) _
volume. It is generally assumed that in most firtse
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volume of hot gases should at least triple compavetthe
initial volume. This significant
expulsion of other gases present at onset of tke flhis
trend continues so long as the increase of termyreras
maintained. The phenomenon of thermal
explains partly the rapid spread of smoke, as waslithe

lowering of the smoke layer in the station. Thisokowed

by a rise of the medium temperature which excebds t

reference temperature of 40 °C. It is worth notthgt,
although we imposed a smoke extraction trough t@ps
the ceiling with a total output of 100°hrs, the reference
smoke temperature was exceeded (case 2{)0ang (case
220 - B and B).

Figure 2 illustrates smoke temperature fields &0 s
in steady state regime for cases 110 and 220. \Warke
that, there is no smoke stratification at the faatriage for
case 110, and also at the 2nd and the 3rd carftagmse
220. This can be explained by the fact that, thisran
important buoyancy force and a call of fresh amotiyh
passenger entrances. Smoke temperature fluctuasioms

more marked at;For case 110 and at For case 220.

Case 110

Case 220

Fig. 2. Temperature field at cross-sections P; and R

The results show that when you are far from the fi

increase causese th source, smoke stratifies and remains more or legk $o

the ceiling.

Figure 3 shows instantaneous temperature distobuti

expansion at 1.5m height from the platform surface for cak&8 and

220. The temperature fluctuations are sizeable ha t

transverse planes where fire occurs; namelyfoP case

110 and R for case 220. For case 220, this also occurs at

Ps. For this latter case, the fire sets in half wathwespect
to the length of the train and the position of aiaans.
The non stratification of smoke is due mainly tee th
combination of two sources: the fire and the famkich
generates a disturbance through heat release arainitys
of extraction, respectively. The temperature flatdés over
the range 20 - 47 °C for case 110 and between @®aC
for case 220 approximately.

i P X=1175m |
=B, X=27.25m
P X=4275m
60 LBy X:,5825m
6 i i L1l
S ! 2K
ko) H
540 4+ Lotors
g i Jd 1
i i
20 — “"‘
0 I 1

i P pi Pl
0 50 100 150 200 250 300
Time (s)

g

Temperature (°C)
3

401
- U g h A i i
o i i SR i
0 50 100 150 200 250 300
Time (s)

Fig. 3. Instantaneous temperature of fumes at 1hight from the
platform surface
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It can be seen from figure 4, which shows smokieldie
in the station after 300s for the cases 110 and 220 the
lower part of the platform is unobstructed by funadsng

most of its length.

Case 110

(s x |

Case 220

Fig. 4. Smoke distribution in the station after 8@86r cases 110 and 220

51

The "LVT" strategy with extraction through the two
tunnels and the two traps in the ceiling (case 124)
generates a very important air intake through dgibrs.
This strongly induced air stirs the fire and leddsthe
production of more smoke. This smoke quickly reache
high temperatures (between 46.7 and 60.3°C on gekra
thus enhancing its rapid motion and its spreading
throughout the whole station. Temperatures recoeddte
four measurement points are far beyond the critical
reference temperature. This situation is un-tenable

people.

In the setup of case 222 for the 'LVT' stratecprt of

The above results of the smoke temperature indicatethe air blown inward through the left tunnel is iedately

that the temperature is low; except in the vicifythe fire
source. The fields of smoke (Fig. 4) agree with the
temperature levels (Fig. 2).

Moreover, as shown in Figure 4, the presence okemo
in the vicinity of the third carriage (case 2203%tjfies the
elevation of the average temperature up to 41.144r@i °C
respectively for Pand B. When the fire is located in the
middle of the station or in its vicinity, theredscompetition
between the right and the left extraction; creatamgarea
where smoke cannot make a prevailing path to either
left or the right. Therefore, it builds up and gaksvn on

the lower level of platform below the 1.5m eye Inig

3.2. Strategy 2: Low ventilation (LVT)

In order to cover maximum configurations, we exptbr
16 cases. The results for the average smoke tetnpeiae
presented in Table 3. It appears that a numbeaséxin
the strategy of low ventilation (LVT) present a kgis
situation for passengers. The most dangerous anes
cases 124, 222 and 224, because the correspondiraga
the critical

smoke temperature exceeded

temperature in at least three measurement points.

reference

sucked by the fan mounted in the left trap, while other
part pushes smoke produced towards the right of the
station. The suction capacity of the right trap &émel right
tunnel seems to be no sufficient to remove all fenTdere
is an accumulation of gas within three-quarters ttod
station that leads to a temperature increase Bligletyond

the critical reference temperature.

The smoke behaviour resulting from configuratiod 22
for the "LVT" strategy, led to smoke invasion oéttvhole
station and a temperature increase far exceedingritical
reference temperature, as clearly evidenced ire tablThe
higher temperature at the measuring left points &)
compared to the temperature at the right poinis Bp is
explained by the fact that the heat source is clumsthe left
side. The measured temperature levels charactergte
therein a very dangerous situation for users amst fi

rescuers.
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Table 3

Average smoke temperature for the
strategy (LVT)

“low ventilatibp the tunnels

Case Average temperature of the right platformeattd y=2m

and heighth=1.5m (° C)

ABC P P, P; Py
x=11.75m X=27.25m X=42.75m x=58.25m

111 27.7 20.9 21.8 20.7
112 479 26.6 225 30.5
113 66.5 25.3 325 20.4
114 82.1 25.2 27.3 311
121 21.6 28.1 225 20.8
122 217 38.6 319 43.0
123 42.3 325 42.0 20.3
124 58.2 59.9 60.3 46.7
211 52.0 239 27.9 21.1
212 58.6 323 24.9 36.0
213 42.1 23.7 28.3 225
214 63.1 24.9 22.7 21.9
221 26.9 37.1 375 22.2
222 28.6 439 45.5 489
223 60.3 35.1 52.8 20.7
224 49.5 79.1 69.3 46.6

The scenarios where the fire occurs either on the

platform surface of the train or on the tires, he ffirst

carriage, generate temperature distribution alruzsitical

regardless of the ventilation adopted. The average

temperature at the cross-section iB greater than the

reference temperature; except for case 111. Thekesmo

temperature reached 80 °C for the ventilation etpat'C =
4. The “C = 4” ventilation strategy means an egtien
rate of the air-smoke quite important. In this t&tgy, the
smoke is sucked through the tunnels as well atdlps. To
this end, air is sucked through the exit doordpfaihg a
depression created within the station. The veloottythe
sucked air can reach 5m/s. In addition to its imgoient in

the stirring up of the fire, this air flow disruptise smoke

layers. The accumulated toxic gas comes down tedow

levels and encumbers the passenger area; thusngreat
dangerous situation for users. Note that this 8dnais

focused only at the first wagon on the left of sit&tion.

cross-sections (fig. 5 and 6). The air flow ratevet
inwardly through each tunnel is less than that drawt
through each trap. The fire on the platform of fhst
carriage produces smoke that is immediately drawrby
the fan of the left trap. Blowing air inwardly bhe left
tunnel helps containment of fumes and promotegatsmi
through the left trap. The contribution of air flalwough
the tunnel on the right partially maintains pressan the
fumes that can spread to the right of the statiom
addition, part of this air is drawn out through tight trap
located near the right tunnel. This mechanism aftiso

and pressure of the LVT strategy can be recommended

S

Fig. 5. Temperature field in cross-sectionsH, P; and R for case 111

0 Gase 1 B X=LE05
P, iX=27.25m
P X—iiim
80 P,: X=58.25
[8)
<
@ 60
g
5]
§4O - - ;
= By (hiptishiing
20 LT SRR WY 5 g LSRN EAL VIS b ins
0

0 50 100 150 200 250 300
Time (8)

Fig. 6. Instantaneous temperature at 1.5m fronfigutatsurface

As it can be remarked, case 111 generates levels of

temperature below the critical reference tempeeasirall
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Fig. 7. Smoke fields for 300s of duration for cadé

For the case 121, the same flow behaviour seems to

happen; the only difference is that the highestptenatture
recorded is in the vicinity of the carriage on f{&r.7 °C
for case 111 and 28.1°C for case 121). For case th2l
fire is located almost in the middle of the statéomd on the
tires. The extraction path, from the source locatio the
traps in ceiling, is longer. The movement of thenés is
slowed down by that of the air arriving from theels in
the opposite direction. This air causes their acdation
and consequently their temperature increases. iEeeof
the gas temperature remains below the criticalreefse
temperature; this is due mainly to the strategy TLV
adopted. The mixing of air with fumes keeps low the
temperature.

The effect of sucked air from passenger entranaes ¢
be clearly seen through temperature field and mateous

temperature distribution for case 224 (fig. 8 ajhd 9

‘ ? T : \ NI 360
T .s..‘-kw ~a
R N — 0

Fig. 8. Temperature field in cross-sectionsH, P; and R for case 224
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Fig. 9. Instantaneous temperature at 1.5m fronpldgorm surface

The observations that can be made on the average
temperatures recorded for cases 123 and 223, \lhefee
broke out on the platform or at the carriage tirese: (1)
the average temperature at des not exceed the critical
reference temperature because this does not deimgih
the mid-plan of the smoke source, (2) smoke spresds
both sides of the carriage on fire as shown byetheation
of the average temperature atdnd R, (3) when the fire
broke out at the tire, it generates a higher awerag
temperature (Table 3).

The temperatures shown in Table 3 are the average
temperatures recorded over 300 s of simulation. Wthe
analysis is based on the average temperature, carsge
cases cannot be highlighted accurately. Howevenniare
accurate analysis, we draw the temperature fieldl tae
measured instantaneous temperature of the fumesgdur
the simulation time at selected cross-sectionsése 123,
(Figs. 10 and 11).
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Figure 13 depicts the velocity field overlaid byeth
temperature field in the horizontal cross-sectian,2 m
above the platform surface. The induced air cusreare
also illustrated. We show that the nearer thedirerce is to
the exit door, the hotter is the induced air. Tiseape

routes located to the right of the platform stateoe safer

for evacuation.

[S] (S w e w = =) = 0 el =
=3 o = £ N = = = & N S
=3 =3 = =3 = o =4 o o =] o

100 DTN
Case 12, L amoag
B, 27.25- N
P, X=42:75 sggﬁsggafﬁ_ﬁgd
80 3 = .2:[_‘[: =3 o 15 o = = . =3 o = = Q
o~ E|
& | , Fig. 13: Velocity and temperature fields at a hamial cross-section 2 m
‘q‘; 60 | height from the surface of the platform for casad 12
il
qé,i aoH 3.3. Strategy 3: Moderate ventilation (MVT)
v . . . .
= The simulations for the “MVT” ventilation strategy
t i Pt L L
o T : were performed for 50 #s of air flow rate through each
tunnel. Since a variety of cases can be simulates,
% 50 100 150 200 250 300

Time (s) selected four configurations; classified with regp® the

carriage of the train and to the location of the fin the

Fig.11. Instantaneous temperature at 1.5m fronpldtéorm surface . .
carriage. Table 4 gives results of the average ¢eatpre at

The smoke distribution obtained for t = 300s isoals 1.5 m height above the platform ground at fouoss-

shown for case 123 (Fig. 12). The plot of instaatars ~ SECtions points P, P, and R, for four cases.
fume temperatures shows that alarming maximum sevel 1,4

can be reached. They exceed by far the criticareete Average temperature results for the moderateair fate on tunnels

temperature at the measurement cross—sectjorasPthey Case Average temperature of the right platform at depth
reach 70 and 80 °C. These high temperatures avevaty y=2mand height h=1.5m ' C)

ABC P, P P P
common. The region that does not endanger usexistie x=11.75m  x=27.25m  x=42.75m x=58.25m
. . . . . 111 335 224 230 26.9
right side of the station, starting from the cageganumber 121 on5 26.7 294 253
four. 211 416 296 274 320

221 302 338 27.9 318

The obtained results show that MVT strategy can

maintain at comfortable average temperature, time Zo5

m above the platform surface. All studied casessarire
Fig. 12: Smoke distribution in the station at t=806r case 123 except case 211 where a slight average temperaxaess

can be observed at cross-sectign P
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Case 121

=t 100.0'

36.0

280

200

)
Case 211

R

Case 121

Fig. 14b. Smoke field in the station at t=300s

During a fire, generally, there is a rush of pagees
towards the openings in order to escape. Passenygées
located on both sides of the station communicaté thie

external environment. These openings are a souregr o

supply to the interior or a discharge of air fumétore
Fig. 14a. Temperature field in cross-sections’ P; and R, . o .
outwardly when a given ventilation flow is conveydthey
To better comment simulation results obtained Fa t S )
) can present a significant hazard if they are smadky.
MVT strategy, we have shown on Figure 14a, the = | )
_ _ ) highlight the flow through these openings, we assuinat
temperature field in cross-sectiong t8 P, for cases 211

and 121.

In case 211, the fire is in the first carriage htitthe

they are open. The corresponding velocity and teatpee
distributions of the flow along the 2.5 m door Hsdigre

) o o drawn, (Fig. 14c and 14d). Figure 14c shows théatian
tires. For case 121, the fire is always locatedhi first ) )
. ) of the flow velocity of the right and the left dsoof the left
carriage but on the carriage platform surface. @am ) ]
] side station for cases 211 and 121.
observe that the temperature field for case 211s dus ) - -
Note that negative and positive velocities at tightr
show a clear interface between the hot zone anddhk o ) ) )
and left doors indicate that mixture of air and kmas
zone. The flow seems to be more disturbed but nesnai ] ] ]
outgoing through these openings. On the right ddue,
reference ] ) ]
absolute velocity value increases up to 1 m/s athigight

the temperature level below the critical
temperature. For the 121 case, there is a clearagm o ) .
o of 2.25m. This increase is explained by the faett tine
between the hot and the cold zones Smoke air neixtur ) ] ) o
) ] mixture reaching this height is hotter. On the tgor, the
stuck to the top wall especially at cross-sectiBnand R. ) - )
. S maximum velocity is reached at about 2.25m heigint f
The higher temperatures for case 211 are justligdhe ] )
) ) _ ) case 211. For case 121, the leaving mixture flopeaps to
fact that the fire happens in the tires which gatesr more )
) - be greater than that for case 211. On almost thieeen
smoke that accumulates despite the ventilationteglya . o )
height of the door (2 m), the velocity is uniformdaequals

0.5m/s for the right door and 0.75 m/s for the tifor. The

results of the velocity distribution are confirmbyg those

adopted. The comments made on temperature fieldbea
confirmed through the smoke field obtained afte@<3€or
both cases (Fig. 14b). Note that smoke invades lyntie

o of the temperature distribution, (Fig. 14d).
areas where fire is located.
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(© 3.4. Strategy 4: High ventilation (HVT)
= 1-Bdoor-Lst
= LRdodrLet Simulations for different cases are conducted with
e 1-Ildbar-Lst
o oIl imposed air flow rates of 66.75 and 108/sm blowing
: r§'? 5 8- from each tunnel of respectively. The blown totalflw
(( ;'\’ rates are greater than the total flow rate extdattaugh the
#’ traps. On the basis of the conservation of mormerthe
:——; extra air and fumes must evacuate through passenger
: entrances.
v s
+333333 + Table 5 gives results of the average temperatutbeof
;* flow measured at cross-sectiong P, P; and R, for each
SEEsREPAEd flow rate case.
15 -1 04 - Duh' € 3.5 1 15
Velocity profiles at passenger doors (m/s)
Table 5
Fig. 14c. Velocity profiles at passenger doors Average temperature results for two differents hajh flow rate on
tunnels
140 @
| Average temperature at right platform at depth2/m
120 == a—1 1 TSE or_Right 21 ’* and heighth =1.5m (°C)
g PSSO L T : * Qtunne = 66.75mM%/s
T “§E =Right 12 | ABC P P P P
100 === 3 1 2 3 4
5 9 Rassboor Left 121 ! Xx=1175m  x=27.25m  x=42.75m  x=58.25m
g, / 111 55.5 245 26.0 333
g 80 121 29.8 29.4 27.9 317
k= /1’ 211 57.1 285 26.5 387
5 221 36.1 414 28.2 40.6
g B0 fi Qtunne = 100 m/s
= / 111 67.0 29.2 30.9 46.0
40 121 39.1 56.0 30.6 49.4
211 955 342 30.6 416
221 39.1 54.6 29.6 40.8
209
When the total flow rate through the tunnels iswbo
0
0 0.8 1 145 2 258 3 ) H
Door height (m) 30% higher than that extracted through the trapsrame
Fig. 14d. Fumes temperature as a function of thoe deight temperatures obtained af P, P; and R for HVT strategy

) o ) are almost below the critical temperature, excepichses
In Figure 14d, it is shown that up to the threshadyht

_ 111 and 211 particularly at cross-section B the first
of 2 m, temperature does not exceed 40 °C. Beyhisd t

case, three quarters of the station, on the righnhat

height, the temperature gets higher which indicadbes , L
invaded by smoke, which is thus a secure areaserstand

some of the smoke produced exhausts through thes.doo i
rescuers. Fumes seem to be confined to the ledtcdidhe
station. It is suggested that the critical flowerdilown
through the tunnels must be set between rates theer

range 0 to 30% above the rate extracted.
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When the flow rate is doubled, the averaged

temperatures are well above the critical reference Figure 15b shows the smoking out of the upper part

S N the station. The lower level is not invaded by fsnier
temperature, which involves unbearable situations.

To further refine interpretations of the different case 121 at the blowing flow rate 66.78sn Lower zones

simulated cases, we draw the temperature field=a8®0s become smoky rapidly as flow rate is increased @

3
for case 121 for two flow rates through tunnels. Bi5a. ms.

The temperature field indicates that smoke remains The fumes spread glued to the ceiling but when they

stuck to the ceiling and is more or less layerethan four reach the both ends of the station, they are stégjein a

cross-sections, (case 121 - 66.7%snflow rate). It presents suction from the traps and a higher blow through th

some disturbance in the cross-section close tdirdeFor tunnels. When blowing through the tunnels is greate

case 121, with 100 s flow rate, the temperature field fumes are conveyed to levels below 1.5 m from thiéase

shows disturbed air fume mixture at all cross-sesti of the station platform.

In figure 15c are presented air-fumes velocity feef

@ as a function of the height of the doors for cak2% and
Case 121- 66.75m%'s Case 121 - 100 m¥'s

211 for ‘HVT'strategy. Air flow rate blown through
tunnels is 30 % and 50% greater than the suckeflirmies

flow rate through traps respectively.

(o)

E 211 dioor-T.it
E 121 dioor-Lst
i ZiT-Tdbor-Lat
& NN I PR D
8‘2 5 i
2 =

LA -

ﬁ 15 p’———¢

s*{:::::* + :::::#

BEE REsal 68 .

Noihoiee

#T—D 5 ﬁfﬂ

. o . k\ H ﬁ::::
Fig. 15a. Temperature field in cross-sectiond¥; P; and R 0z -D.sl‘.__unh_ T

-1 5 1
Velocity profiles at passenger doors (im/s)
®)

Case 211 Fig. 15c. Velocity profiles at passenger doors

The negative velocities at the right doors and the

positive velocities at the left doors indicatest th@-fumes

Case 121 mixture escapes through these openings.

m The high temperatures recorded at the passenger

entrances, (Fig.15d) implies that some hot smaeapme

through the doors.
Fig. 15b. Smoke distribution in the station at t8680
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140 @ T
120 ey or Right; 21 .‘*
PagsPooy Left 210 f*
. Passh) - Right! 12 ’
100 — === PassDyor_Lefl |21
P
] :
g /
g 80 f ]
5 i
g GO
H
40
UD 0.5 1 15 2 25 3
Door height (m)

Fig. 15d. Fumes temperature as a function of hedgir

Numerical Security Assessment in Underground Transport Spacesin Case of Fire

is a competition between the right and the leftwflo
extraction; creating an area where smoke cannotenaak
prevailing path to either the left or the right. eféfore,
builds up and goes down the lower level of thefpiat
below the average man’s height.

 The obtained results show that “MVT” strategy can
maintain at comfortable average temperature, tme Zo05

m above the station platform surface. All studiedes are
secure, except case 211 where a slight excesseirags/
temperature is recorded at cross-section MMVT”
strategy exhibits almost the same smoke behavitit\&4F'
strategy.

» For high ventilation strategy “HVT”, when the total

The safety of users is affected by smoke and high flow rate through the tunnels is about 30% highantthat

temperature at the doors. Temperatures are welleatie
critical value. Air-fume mixture comes down to ldewels
and reachs temperatures greater than 40 °C abgerer
man’s height. These are thus, classified amongategory

of very dangerous cases.

4. Concluding remarks

The purpose of this study is to assess numerithéy
degree of safety of users due to the spread of srdokng
a fire in a subway station under different veniilat
strategies. These strategies were simulated for rham
fire locations on the train: on the carriage platfcand on
Results were obtained for four ventilati
the

the tires.

strategies according to nomenclature
previously. The following relevant conclusions cae
drawn:

e In the no ventilation strategy, the lower part bkt
platform is unobstructed by fumes along most ofatwgth.
Smoke temperatures in these areas show that thkies
are low, except in the vicinity of the fire source.
Temperature levels are confirmed by smoke fieldghen

the fire is in the middle of the station or invisinity, there

defined

extracted, average temperatures are almost beltiwatr
temperature, except for cases 111 and 211 at seasi®n
P.. In the first case, three quarters of the stationhe right
is not invaded by smoke, which constitutes secuea for
users and rescuers. Fumes seem to be confinee tefth
side of the station. It can be concluded that dicafi
blowing air flow rates through tunnels in the ramg® and
30% above the extracted air-fumes rate throughtridyes
can be suggested.

» When the flow rate is doubled, average temperatanmnes
well above the critical reference temperature, Wwhic

involves unbearable situations for users.
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