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Study on Characteristics of Fire Smoke from Rescue Stations in Tunnels at Different Altitudes
Song Siyuan Yuan Zhongyuan
( Southwest Jiaotong University, Chengdu, 610031 )

[ Abstract] At present, the research on the fire smoke spread characteristics of rescue stations in railway tunnels mainly focuses
on the plains, and there are fewer research results for rescue stations in high-altitude tunnels. In this paper, relying on the
emergency rescue station of a typical double-bore single-line tunnel with encrypted cross channel type, the numerical calculation
model of the rescue station in the tunnel at different altitudes was established for the typical fire scenario (20MW), and the smoke
spreading characteristics of the rescue station in the tunnel at Om, 3000m, 3500m and 4500m were investigated. The results show
that in the early stage of the fire, the higher the altitude, the faster the smoke spreads from the rescue station; in the stable stage of
the fire, the higher the altitude, the fewer the number of cross-channels where the smoke fills up the whole cross-channel; when the
fire source is located in the middle of the accident tunnel, the cross-channel directly opposite the fire source is the earliest to be
invaded by smoke, and the cross-channel furthest away from the source of the fire is the second most likely to be intruded by the
smoke.
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Schematic layout of the rescue station
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Fig.3 Numerical computational modeling of rescue station in arch tunnels
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Fig.4 Rescue station numerical computing model
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Table 1 Atmospheric pressure at different altitudes
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Table 2 Characteristic diameters of fire sources at different altitudes

WRE /M R (kg/m?) FERHAI(kgK)  FRIEEK EIEE (s KIERE E AR
0 1.226 1 298 9.81 3.14
3000 0.895 1 298 9.81 3.56
3500 0.850 1 298 9.81 3.64
4500 0.766 1 298 9.81 3.79
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Fig.5 Computational modeling for validation I
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Fig.6 Comparison of numerical simulation and model test
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Fig.7 Computational modeling for validation II

%) w i %3
S S =) S
S S o S

THEENRACIREE (t/°C)

S
3

0.0 0.5 1.0 L5 20 2.5 3.0
5 YR BE B8 (x/m)

B8 HUERISEEIRIEEE
Fig.8 Comparison of numerical simulation and model test
MIE 6 5K 8 alFE H, T MR IRZED H N
6.83%A1 4.34%, B 5 IR IRZR DN, Bt
PyroSim Jj §-FEIE K M Bk 7E B A AT 1.

3 ZEIFMNIEFR
3.1 BRIETEE R 7 A HE

NFPA130221, NFPA502!231 & & & ¥4 B T fift 24
Bife i, N RS AR ARAR T 2.5kW/m? B
WEAE N AT 52 30 438k, N AR SZ RS e
KT 2.5kW/m? Bf 2252 1 SR () Ui R F%, R H
AR B R 2.5k W/m? X R F R ASOIR FE 200 °C

PIARCPIEFEN A E JCIRFRIT » 58 5 72 v KA B B

Je RPN R LB N BERS 252 18K
RUTINE 2~2.5kW/m2Vu Rl N . Bbak, (b ETE BT

FAEY oM IR R B R 3 M 180°C, A
T 180°CHE, BT AR (148 5 A 35wt 2 B4k
PRARSE .

DRI, 3 = 357 DA At S R 1)t N 5 Skl A
AR B S R, AT TN G SR DA
F DL AR S I Aot 1 2R N B e, A
LS8 N R % 252 10 55 K48 S A B A 2~
2.5 kW/m2 S B, X FREIE X AR 6], X BT
JHSERE 180~200°C, [RI b i& ThAE T~ 7 fIH <R
FEBR{EHCN 180°C .

32 N AR

Crp B B0 oM 22 4 i Fa bR 2 A s T
N 2m Ab, AN SAERECES (8] 30min, AR
FEBRAE A 60°C . NFPA502231H1 NFPA 130022145 ! i
WRE [ #6495 1T fig R AR ZE RN BRI 60 °C (1 H R 7K
AR BRI BT TR ) 27
B : 2m DU 258 P IR ASR B AS T 60°C

gi b, NG A AR U, H AT
bR b & VG HLE FOBRAELE 60~80°C, Ziarit4zkIE,

BN A N 1.8m, N 0 i FE AR FE BRAEEN 60°C o



5539 &5 3 ] RSV, 5 A [RDEE PR P B P BRI R IT +313-

33 COKE

PIARCEME H LCs0CO30 12 #1H 79 3000ppm,
B 27~ 50% (1 A 7E 30min J5 JE T CO WK N
3000ppm.  (HEVERTFM) PO HAFRIWREE F—
FULTRRT NHISEIR AL, JfF b — 2 S N
0.05%Mf, EJ 500ppm B 1h X AERFEIASK, 244
IS F] 0.2%f, G RHFEE . NFPA50223HL
E KK AIH 6min P CO WK EAFF =T 1150ppm,
15min A A 75 & T 450ppm, 30min N A 75 5
225ppm, K F A1FE T 50ppms

K, 2R 8 2 a5 1R, BT KR BENA RIS,
R4 FIR T ASCR CO W BRAEHCA 225ppm.
3.4 ReDLEE

PIARCHIE, APRRE 2 A bn BORH B 1R,
BARAE WL AAIAE 7-15m 2 8] (B T 26
& AE LR 3m DU B K R I A2 A5 )
PRIME, L AE L FE R BRAE 5 108 A N SRR 2 SR 1 2
DR K, JHE H 2 b IUEE 4 10m.
ORI b7 TREAERE ) RTHHAE O K25,
FUEALE 2m DAF )73 6] YRR L FE R T 10m.

gi b, ERIHS FITE LA 10m 1F v e W IR
fH, BEEJE TR, KRR A s b i
JLPEFRAEEUN 10m.

4 FZFER5VTHL
4.1 FETEREIE S5HEREE X

HEHR Dy Om ISR Fs 18 5 BT % 38 1) ToRE
N RAURFEST EL G 9 BT, N 5 v R R X
i 10 s, A s CO MREXT Lk 11 s

1000

S =N %
S S S
S S S

THURE N 7 SR EE (T/°C)

%)
S
S

*3‘00 72‘00 71‘00 (IJ 1(‘)0 2(‘)0 3(‘)0
PR KIRALE (x/m)
9 TETHESIREILL
Fig.9 Flue gas temperature comparison below the top

wall

1200

1000 |

@®
S
S

NG AR E (T/°C)
5 3
2 B

=)
=3
S

=3
T

*3‘00 *2‘00 *lIOO (IJ l(I)O 2(‘)0 3(‘)0
BB KURALE (x/m)
10 ARSERSIREL
Fig.10 Flue gas temperature comparison at personnel

height

=300 =200 -100 0 100 200 300
FEES KIFALE (x/m)

11 ARSEL COREXEL
Fig.11 Comparison of CO concentration at personnel
height

A o~E 11 iU, RS SR REE P
ToUEE N J7 R IR « N 08 e FEE =R BE RN B v FEE Ak
CO WREZERAK, BRIk B & A5 A —
2, ] AR TEREIE AR RS TE AT HUE L
4.2 SRR KGN A

KR KA 100s ZE AT I, bR sl 0 <= L 1
Wi 12 fros, AT S ECOy B A BT R
B, KRWIARS, RS Y 3000m. 3500m Al
4500m I BETE P K 9 MHATEE Om I 2 5E R 5T R,
3000m- 3500m A1 4500m s K& 18 P 08 ZE 1R 1
WEL 0 K BB . IR S N Om. 3000m
3500m A1 4500m [R5 PY AR N R 38 0 /S B
KK E 54 25m. 33m. 33m. 34m, #HBIE
MOETE 5 Y, O R AR AE R S
0.25m/s. 0.33m/s. 0.33m/s. 0.34m/s, WFHK & E N
3000m- 3500m Al 4500m [IREIEIE 5 00 & G E
FE 53 A EE Om B 4R 32% 32%A1 36%.



314 - A5

1 2025 4F

(a) R EBEN Om B

(b) Wk &N 3000m B

(o) MR R BN 3500m B

|

(d) Wk &N 4500m B
12 NRVIEAKIEHESEEFER

Fig.12 Smoke spread from the rescue station in the early stages of the fire
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Fig.13 Smoke spread from the rescue station during fire stabilization period
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