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A Study of Heat & Smoke Evacuation Characteristics by the
Changing of Operational Method of Tunnel Fan Shaft Ventilation
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System for Fire on Subway Train Vehicle
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ABSTRACT

The smoke control system in subway platform is not only using for smoke exhaust facility but
also using ventilation system. For this reason, smoke vent effectiveness is depending on its posi-
tion, ventilating volume capacity and the vent method. In this study, the passenger's evacuation
time was calculated for the case of fire on stoped subway train vehicle in subway platform. In
order to recommend the mechanical smoke exhaust operation mode, SES (Subway Environmental
Simulation) was used to predict the airflow of the inlet and outlet tunnel for the subway station.
Fire dynamics Simulator(FDS) was used the SES's velocity boundary conditions to calculate the
smoke density and temperature under the condition of fire on stopped subway train vehicle at the
platform. We compared smoke density and temperature distributions for each 6 types of smoke
exhaust systems to clarify the characteristics of smoke and hot air exhaust effectiveness from the
result of fire simulation.

Keywords : Smoke control(#1€3), Ventilation system(Zt71A]2~&l), Subway station fire(x]3}2 57374 3lal),
Evacuation(th31)
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Table 1. Dimensions

Classification Dimension(m) Etc.
. Side-platform
Height of Floor 1.6 station
Subway ['Heioht of ceiling 3 -
station
Length 185 -
Width of station 4 -
Rail road | Cross section 41.04 2 railwa
track |area (W7.6X H5.4) v
Width 2.75 -
. |Height 3 -
Train - -
(Incheon Height of air 05 )
subway) conditioner :
. 1445 8 train
Length of train (18 m/vehicle) | vehicles

Table 2. Composition of passenger

Car Male Female Child Total
1st 50 50 24 124
2nd 49 49 25 123
3rd 50 50 25 128
4th 49 49 25 127
5th 49 49 25 128
6th 49 49 25 129
7th 50 50 24 131
8th 50 50 25 125

Table 3. Simulation conditions

Conditions

Case Location of Fire generated | Door operation mode
1st train vehicle close
2 5th train vehicle close
5th train vehicle open
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Passenger
Total Passenger
Passenger
N
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Evacuation Time (sec) Evacuation Time (sec)
(a) Case 1 (b) Case 2

Total Passenger

5 100 150 200 750
Evacuation Time (sec)
(c) Case 3

Fig. 1. Evacuation time.
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Fig. 2. Location of Left and right shaft fan array from model station A.

Fig. 3. Grid generation and compartment.
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Fow | CMM (kW/m?) Flow CMM
1 Pressure boundary condition Pressure boundary condition
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Table 5. Operating mode of fan shaft & track exhaust system

67

Mechanical Ventilation System
Case Fan shaft at left tunnel Track ixll;zll;i(t)rsrgstem Fan Shaft at right tunnel

L1 L2 L3 UP DOWN R1 R2 R3
1 Q O @] O O O O O
2 i l ) ) i 1 ! )
3 1 ) 1 t ) ) ) 1
4 ) ! ) ) ) ) ) 1
5 O O O ) O O O @]
6 O O O O 1 O O Q

1: Exhaust ! : Intake QO: stop

Table 6. Mechanical ventilation amount of fan shaft & track exhaust system

Mechanical Ventilation Amount (CMM)

Case Fan shaft at left tunnel Track E)I()}ll::fztrri{stem at Fan Shaft at right tunnel
L1 L2 L3 UP DOWN R1 R2 R3
1 . - R - - - - -
2 3647 7669 3672 40% 60% 3694 7397 3731
3 3604 7601 3611 40% 60% 3665 7354 3666
4 3610 7635 3612 40% 60% 3649 7376 3670
5 - - - 100% - - - -
6 - - - - 100% - - -

*Up and Down separate percentage for the total TES exhaust amount, 3700CMM
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Fig. 5. 3D soot density distributions & contour of
platform for 6 cases.

9} 574371 AB(TES)S FAldl AFRE=E AHEA
7= Case2,347t 773871 du)(TES)wr e 2 1A=

T. of Korean Institute of Fire Sci. & Eng., Vol. 17, No. 2, 2003




68 oJE3F -

Case5, 62T} 7479 FEA 371 58 Ao
vielstt), weba], dioEgt7do] 943 Case3st 49)
7%, Case32 573 AAHA ZAA T<60°Ce &
TREE YEPO Casede U<l (push-pullSAHo=
AA2717F FYEle AvRE 30°C<T<40°CY) we
LEAS fAE= v 3RS AUEA 60°C
<T<80°C 53 &% 445g vehit}. CaseSe &

l‘

A7 AEe g AHr =g FAsks 79l Caseb
& 7 ATte® AAvsg zhet FAsia Bl
g AR 71 48 274??}011’\1-4 2=
EEXEE e}, Caseb7l Case6EUIE e 2%
TEES Y5 Jdor] casese SAFY -’?—% A=)

% i
m[m

1 T<609) 2EREE YepdogAs 5733 A=
W GFTESY AdRFNc2E Fge mdasist
Ae AL JEHTh

Fig. 52 7MAZe) Ax A E CaseBE 1}
ElIglc}, Casel®} case 27} HAjolA Adjzoz &
FTEREEZA 65 mgm’e ZFAshe Pgo] AR
EAlsle Aoz velgth case 3& dRE XY
7N 727} Sd<60 mymPe® FAAAN Y Br)
& wEshe Ao g UEldth, Caseds 2247
g EAOR 57 ARR AR E AAE dA
e Ase BHEFAREV7E SA AdR=
Agste B5EY MESAe] duder & e
2 et} B3 TES ARE AQREg Hske
A7t TR Adsle AR AU oz o
8571 =4 el

T

S Hm flo

0“

412 S2¥ 8% oU|sx ¥ ST vl
Y 25 B FEEIXEE JFoE AgF Ht

100 |-{—P— Casel

| [-0—Case2

—O— Case3

80 - —v— Cased4
[|—a—Case5| _____... ;o7 (. .____..

60 | —v— Case6

-3
o

Soot density (mg/m’)
S

i S | W T 1

0 50 100 150 200 250 300
Time (sec)

Fig. 6. Mean soot density above 1.5 m plan of subway
platform.

SH Ay - 28813 17 A28, 2003

RS,
100
H—0— Caset
90 H—o— Case2
6 F[—<C~ Case3
< 80 H—~v—Case4 —a
o H—~a— Case5
2 70 H—v—Cases
E 3
o 60
g- |
o 50
-
40
30 y N L i

0 50 100 150 200 250 300
Time (sec)

Fig. 7. Mean temperature above 1.5m plan of subway
platform.

9] olz]go] JlorzZ ANGAE JIFeE I o7
ol o5 g ArlEne] g A 22 ¢ 9
71 =E Yo

Fig. 65} 7& 714 1.5 m Ao Hager o
4715 =g Jep T

Casele 3MA|%A) 270% o]34HE digd] B3
3 65 mg/m®e] HFEEge eldon] Case2~
71EEEE BEEYY. 7P A A4l
Case4%} CaseS= YeErgon AR Fx3A7|90S A
ARE=E MR AlRsles Z-S-Ho sy
FAoR HFHoZ Adshe We| Huh §3
A Aoz Jelyrh webd, 7389 ARTES
WEEEL Foje Aol Bt 83l oz 1}
e}t

Casel, 2, 6& SHAZA 10028 AEsl] TiFol
EAEE 60°CY BRLEE UEhton Case3, 4, 5
= Ve EE U M a9 magale
Case33} CasedZ LJEPST) o]|Fo)M % Case3s] W4
o] A ZE71HE vjgEgo]l 4% Hom Y
Sk meEpA, AR NE AT H7)RER Aesle]
st Walo] 71 3ol Zlo g Jehydt)

ot

rlo flo =

or

Nl

Lo

5.8 &

AP g R AQ AHAARE o
es Az,

L 248719 AQBBPAo] Gt SR @
97 % QrlEse] 2 ol Ve,
2. AIFERS /1FoE oo g ZHEY A
e S ARADE ol

)
)



Aok A 2

3. AT} Cased= A SRRSO R FATH
A71&AE 271FY FETo2A ZFEEd HAE
FAolN 57 tale] QBsx £k

4. 7P EARA QA sy 271%E 9
Wl 54 °l R Ratis Case39-i vebstth mEks, g
A&7 A vy A3t v Eake W4
ol 71 ;q»}aom.

5. A4 94719 )0 FES HHAIE
Hr} A GitolRe) vl wlEAlTE Zlo] Eb?
ol wg2 olel Wiz 4lAe)r)ote] AEHE F
o] wjEA7IE Aol EFA olth,

6. 7] AF3} yu7t 7FEs A AR He) F
e Fo] B Orl—"[L,,] ZANME 78 ARHRA Al
o] 7P et A& JEsh

#HAle| 2

£ Q7E 200145 AU Ew wu] dpAlgel €
& A A=A oo ZAl=Hu )

r

(o

r& _IN _l_,

J1S54Y
lo 7} St 299 W) A=W/
I W12 S509 79 90) BeWin']

K 1 23AE Im ™Y
pYs : wiIEE[mg/md]
Km : ¥E38A15 [m%kg]

defd @7a2mlel) e d g ArpiesAd 69

S 7PEm)

T 1 2% [°C]
2nesl

1. W A. Swansier;, “Defending Subways Against

Chem-bio Terrorism”, SAND98-8210, Sandia
Natioanl Laboratory(1997).

2. P C. Miclea, “The Impact of Fire Location in a

Subway Station on Computer Simulation Results
and Fan Operation Requirements”, Aerodynamicss
and Ventilation of Vehicle Tunnels, 9th Interna-
tional Conference, pp.589-597(1997).

3. J. Bader, ‘An Emergency Ventilation Technique

foR Highway, Rail and Subway Tennel Fires”,
Tunnel Fires and Escape from Tunnel, 3rd Int.
Conference, pp.289-297(2001).

4. D. T Elias, “Numerical Simulation of Subway

Station Fires and Ventilation”, 1996 ASME Fluid
Engineering Division Proceedings, pp.557-562
(1996).

5. http://www.ies4d.com/VESsystem/VE-Evauation/

simulex/simulex.htm.

6. http://www.fta.dot.gov/research/equip/adsim/ses/

ses.htm.

7. NFPA, Code502 Standard for Road Tunnels,

Bridges, and Other Limited Access Highways
2001 Edition, Annex B Temperature and Velocity
Criteria.

8. http://fire.nist.gov/fds/.

T. of Korean Institute of Fire Sci. & Eng., Vol. 17, No. 2, 2003



