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Abstract - In this study, we investigate simulation studies to confirm the removal of smoke through
ventilation when the subway car is on fire and stopped in an underground subway tunnel, by using Fire
Dynamics Simulator (FDS) which is being upgraded by NIST. The structure of subway tunnel and train for
simulation modeling are based actual data from Seoul metropolitan subway. The main purpose of this study is
to assure the removal efficiency of the ventilation when changing the ventilation capacity between 2.0 m/s and
3.0 m/s. The results of the study shows that carbon monoxide (CO) and carbon dioxide (CO,) are reduced by
about 35% as the ventilation capacity is increased by 0.5 m/s. This study also performs the grid sensitivity
verification of FDS for improved accuracy of the results. To find the effective size of the grid, three cases are
simulated and the results are compared.
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Conservation of mass: §p+v s pu=1h, @

Conservation of momentum(Newton’s second law):

;(W)+VWU+VP pgt+f,+ VT, ®)

Transport of sensible enthalpy:
) A
E(phs) +Vphu= ftJrq g — Vi +te ©)

Equation of state for a perfect gas:

RT

= (10)
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= &= 9, T 25, po 9449, h,© 2543}
of ME e, o= FH/EE, f,E I5F T 9
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g e YA d FEEn, ¢ = A5} BAld) 9
gt 4 EFY2, e A4HE(dissipation rate), m,” &
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Fig. 1. Tunnel plan of subway tunnel.

327} 22813 %) A|15¢ A|35 201149 69



%7

HN

HO 04 m, HHEAL 045 m T8 ZIYER 3}
A, BT BHEY AFHSEZRE 13 m AH
of 712 3.8 mxA| 2 2 me] 7|2 ¥tk Xt
712 20 mxA|Z 3 mxE0] 3 me] AL AskEe &
zkel 2 7|2 39T Ak YL R
I mxAZ 2 me E2YES I & 4 404 = /=2
sta, AA A SAEA Al S22 UTE 23
At EUES BT Mshs ALoE 7H43tdTh
T3 A7 A s A5 13l tisiA Z8%
HeEe] Mg H8sta, YA 25 a4l
ARYH SYES MYste A= 7H43Ath

32. AlZEolM =A

A sk SALAA 2] ] AZHe T ES
FEReF A A EAZ|RIAIA R v)5 33513 3] (Na-
tional Fire Protection Association, NFPA)[8] 5ol 4]
B5 4~63 ARO|Z, 48 Qboll QFAFH 7R BloL
a1, 6% ol TR SAERE | X R thy
st AS dASkL A9 weEkA 2 AFtellAE
AlEH Ol AITE SEOZE YT

A= 84 9] 749 20061 9€ 22U AAHH AW
BRIA A2006-3955 Al27g Al7E A2Fel= st

— RABT-ZTV (train). &
1400

I ]
I [120] [1200]

2
g

®
8

Temperature ['C]

S
8
——————

- ©]7]% - Bettar El Hadi - ©] A1 & - 2154

A F sAAG A EGolAE T8t BT A5
HAe Az} A FREE 10 MW o] A4S A L3fof &
o PAE bk Ja, U SHA AlEwEeld AT
749 10~20 MW B E9] 3ld-& dA3sta e A
S Fusle] Ao @ WEIFHHRR)O] 15 MW 7129
3de dA3AT

A7y A= A F41[10,11]12 EUREKA-
499 ZZAEO AFREZ oA Bo] o] &F
Q1= Fig. 29} 2& RABT 3HA1=41[12]1S & &-3}<
Az ATA AZHEE 58 qhol] Fig. 33 2o]
o & HEFS dysA sk

3}A o] whald & x5k ZT] ek E ool A
A7 B, AAZRAL BHE W §9& 235

Table 1. Numerical analysis conditions for fire

simulation.
Time 300 s
Max. HRR 15 MW

The point of ignition On the chair at second train

12,000 (120x10x10)

Grid size 255,000 (300x25x34)
510,000 (600%25x34)
Fan size 3.8 mx2 m

Ventilation capacity 2.0 m/s, 2.5 m/s*, 3.0 m/s

* @A) AN FRHoE AHT Ut B8

0 30 60 20 120 150 180
Time [min]

Fig. 2. RABT curve for train[12].
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Fig. 3. Heat release rate obtained from the simula-
tion.

KIGAS Vol. 15, No. 3, June, 2011

Table 2. Combustible load and boundary condi-
tions of the fire simulation

Polyurethane
. C=6.3, H=7.1,
Combustible Chemical formula N=10, 0=2.1
materials
Soot 0.10 kg/kg
CO soot 0.06 kg/kg
Steel
Density 7,850 kg/m’
Boundary Conductivity 45.8 W/mK
conditions Concrete
Density 2,200 kg/m’
Conductivity 1.2 WmK
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5,000
——120x10x10
4,500
— —300x25%34
4,000
----- 600x25%34
3,500

3,000

2,500

2,000

8

1,000

Concentration of carbon monoxide(ppm)

g
8
L.

Tt Mt
Lol iy

°

0.0 50.0 100.0 150.0 200.0 250.0 300.0
Time (s)

(a) 20 m/s

——120x10x10

— - 300x25x34

-----600x25x34

Concentration of carbon monoxide(ppm)

00 50.0 1000 1500 2000 2500 3000
Time (5)

(b) 25 m/s

Fig. 4. Comparison of the CO concentration in
front of the fan depending on different
grid sizes.
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Fig 5. Comparison of CO, concentration in front
of the fan depending on different grid
sizes.
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T a——y

200s

———

300s

Fig. 6. Smoke movement in the tunnel by subway
fire(Ventilation capacity: 2.5 m/s).

Concentration of carbon monoxide(ppm)

0 50 100 150 200 250 300
Time (5)

(a) CO

ion of carbon di

0 50 100 150 200 250 300
Time {5)

(b) CO

Fig. 7. Concentration of CO and CO; according
to the ventilation capacity in front of fan.
(Plotted curves were obtained by fitting
the simulation results as polynomials)
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Fig. 8. The time to reach a notable amount of
CO in each point at 1.5m high above
the tunnel.
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