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Simulation Study on Smoke Propagation Characteristics at Vault in
Urban Bifurcated Tunnel Fire
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Abstract: To explore the influence of wind speed on the smoke temperature and distribution characteristics of
the bifurcated diverging tunnel fire, Hangzhou West Station Tunnel on National Highway G235 was taken as
the engineering background in this paper. The numerical simulation method was used to investigate the
influences of different upstream wind speeds and fire source positions on the fire smoke propagation in the
diverging expansion section. The results indicate that: D A higher wind speed at the tunnel entrance results in a
shorter smoke backflow length in the tunnel, and the rate of smoke backflow in the tunnel decreases
accordingly; @ The temperature near the side wall close to the fire source in the expansion section is higher. As
the fire source moves laterally towards the ramp, the vault temperature in the main tunnel decreases while that
in the ramp increases. A higher tunnel wind speed leads to a lower maximum vault temperature in the tunnel;
® When the longitudinal ventilation in the tunnel encounters fire smoke, convection forms, causing the smoke
flow velocity in the tunnel to decrease, while the smoke flow velocity at the fire source increases sharply.

Keywords: bifurcated tunnel; tunnel fire; smoke backflow; smoke flow velocity
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Figure 1 Schematic diagram of scaled model of bifurcated tunnel (unit: m)
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Table 1 Comparison of tunnel segment lengths of

prototype and model

454y JE B /m BEARKEE /m
43Tt I B 3 B 40 2.00
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Iifi 38 Bt 120 6.00
Sy B 120 4.00
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Table 2 Comparison of cross-sectional dimensions

between prototype and model
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Table 3 Locations of fire source in numerical model
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Figure 7 Propagation pattern of smoke near fire source
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Figure 9 Vault temperature curves of numerical

simulation and experimental results
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Figure 10 Temperature and wind speed distribution curves

on vertical centerline of cross-section 20 m

downstream of fire source
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Figure 11 Schematic diagram of grid division
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tunnel under different wind speeds

A 28 T : D Y B%aE A BCXECH 3 m/s )
T35 U AE 240 s B 3K B FRE 303 K B R 45.6 m
@ HBEE A DB 0 m/shf, kR &4 180 s 7,
TR R BRI A Q) BRI NG 2 m/s I,
Bifd A 1S R) A% 155 B 3 P Y 00 3 R A W 3 K, {HLFR
T XU B 1 % 8 PN R I Bl 23 ek ) | A
AL B TRE.

SR AR 3 I K BE Y AE 300 s A2 AT iR B
R, ELIRTE A 10 A XU 8 A R =AY 3 3t FE R/

4 i

AR SR B A AU 7 ¥ BE5E 1 03 20 % B 3
W Be ok K g T K URA B K G 1) R GH R
IS, EELE BT .

(1) B U5 A0 & ) T % B % | I 3 2L T 3 3
Tk, 32 bk 1 Bt TR B 5 BEAR . BE A e T i
A SRR A G 0, I3 5 R T Bt TR R 2% S B
/N o 2 KR AN AR R I B XU RO, T IE S
2 B T HE TR B o UL RE AR AR, 3R T R T P A 1) L
Xof HE T I B 5 0 W

(2) AU 5 W A0 R ) &2 4, K YA T v s B
F IR, 78 53 R A5 A B 1) 9 00 O 2l O T 00 BE 3 1]
R 2 IR A 2 4R SR S ) o — iz
I STEN A DAUBE o N T W e N R o S NI E R
TE A G T 3 R B TR A 208 O U L AR
it B B AR

(3) B8 A 1B XA A 0 S i K B S
30U B A N A ], N E B XU Dy O B, ) ASFE 180 s
P68 300 9 2 R T A 11 B 5 B A DX Y 3 O B T A
AR U R 2 U I 5 BE G N 2 ) X3 3 m/s
B, B% G P9 SR 240 s B IR B AR E L I K R R
45.6 m, KU, BEIE N & AR U, B i 1 XUGH RE %
it i PR U 5 I N O o 2821 Y S 7 5SS T B

S Uk

References:

[1] ZHANG Y L, CHEN C K, LEI P, et al. A study on

buoyancy-driven maximum ceiling gas temperature of T-
structure  in  fire
of Thermal

shaped  bifurcated channel-like

environment[J]. International Journal
Sciences, 2022, 171: 107213.

[2] LIZS,GAOY]J, LI XS, etal. Effects of transverse fire
locations on flame length and temperature distribution in a

bifurcated tunnel fire[J]. Tunnelling and Underground



Ry

H TE L F R T oA KRB TUE A F RN

231

(3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

Space Technology, 2021, 112: 103893.

ZHAO D Y, CHEN C K, LEI P, et al. Experimental study
on temperature profile and smoke movement in a model-
branched tunnel fire under longitudinal ventilation[J].
Tunnelling and Underground Space Technology, 2022,
121: 104324.

WA, RO, IR R, 5 s KT T By 7 R GE
P T SRR (D], T A B 2 R AR, 2022, 32
(10): 115-120.

YAO Yongzheng, SONG Kebin, SHI Congling, et al. Fire
smoke spread characteristics of T-shaped bifurcated tunnel
under longitudinal ventilation[J]. China Safety Science
Journal, 2022, 32(10): 115-120.

LI Z S, LUO Y Y, GAO Y J, et al. Experimental and
theoretical studies of the effects of fire location on the
smoke temperature distribution in a branched tunnel[J].
Fire Technology, 2022, 58(3): 1265-1284.

CHEN L F, MAO P F, ZHANG Y C, et al. Experimental
study on smoke characteristics of bifurcated tunnel fire[J].
Tunnelling and Underground Space Technology, 2020, 98:
103295.

B, B, R, & A R kIO IR K
JE K oy AR B S 0], b 2 ARk R, 2022, 32
(3): 109-115.

GAO Yunji, LUO Yueyang, LI
Experimental study on smoke back-layering length and

Zhisheng, et al.

temperature distribution in bifurcation tunnels[J]. China
Safety Science Journal, 2022, 32(3): 109-115.

LEI P, CHEN C K, ZHANG Y L, et al. Experimental
study on temperature profile in a branched tunnel fire
under natural ventilation considering different fire
locations[J]. International Journal of Thermal Sciences,
2021, 159: 106631.

LIU F, HAN J Q, WANG F, et al. Experimental study on
the temperature profiles in a naturally ventilated metro
tunnel with a transverse cross-passage[J]. Tunnelling and
Underground Space Technology, 2021, 116: 104094.

MG, BRI, B4 A Gl i KT o 7 B IE KRR T
SRR R A5 1 SR SR B AT (). BRI AL R S TR AR R, 2022,
19(7): 2117-2124.

LEI CHEN Changkun, ZHAO Dongyue.

Experimental study on smoke movement characteristics

Peng,

and control in branched tunnel fire under longitudinal

ventilation[J].  Journal of Railway Science and
Engineering, 2022, 19(7): 2117-2124.

A, XNIAIRL, VMG, 45 . 4320 £ X b 3 B ok IR A<
&5 M R[], T B RE= SR, 2014, 33(6): 616-618.
LI Junmei, LIU Shanshan, XU Peng, et al. Smoke spread
in urban underground traffic tunnel with diverging sections[J].
Fire Science and Technology, 2014, 33(6): 616-618.

o 7, AR, A3 AR, 45 | 15 4058 B B T8 K TR A4 T
FRMERT ST, BB 25 94, 2022, 52(3 T 2): 150-157.

HE Lei, DENG Baoshun, HOU Weihua, et al. Study on
smoke distribution characteristics of cross-line operation

tunnel fire[J]. Heating Ventilating & Air Conditioning,

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

2022, 52(sup 2): 150-157.

X B, FRHE . AL BE T I I i S IR AR Ak B AT Y
[J]. B 9 W T FE 2440, 2018, 38(1): 137-143,152.

LIU Qiong, ZHENG Feng. Study on variation rules of
critical ventilation velocity for double-source tunnel fires
[J]. Journal of Disaster Prevention
Engineering, 2018, 38(1): 137-143,152.
LI'T, CHEN L F, ZHANG Y C, et al. Study on the smoke
movement characteristics in large scale interchange tunnel
fire[J]. International Journal of Ventilation, 2020, 19(3):
224-232.

HUANG Y B, LI Y F, LI J M, et al. Experimental

investigation on maximum gas temperature beneath the

and Mitigation

ceiling in a branched tunnel fire[J]. International Journal
of Thermal Sciences, 2019, 145: 105997.

SRR, B IR G TN (R R L T A S 7 B T I S IR GH
THAFFE[0]. 22300 b T 515 B 2%, 2021, 19(3): 76-82.
SU Yi, ZENG Yanhua. Numerical study on critical
velocity of bifurcated tunnel based on different locations
of fire sources[J]. Journal of Transportation Engineering
and Information, 2021, 19(3): 76-82.

HUANG Y B, LI Y F, LT J X, et al. Experimental
investigation of the thermal back-layering length in a
branched tunnel fire under longitudinal ventilation[J].
International Journal of Thermal Sciences, 2022, 173:
107415.

LIU C, ZHONG M H, SONG S 'Y, et al. Experimental and
numerical study on critical ventilation velocity for confining
fire smoke in metro connected tunnel[J]. Tunnelling and
Underground Space Technology, 2020, 97: 103296.

HUANG Y B, L1 Y F, LI J M, et al. Modelling and
experimental investigation of critical velocity and driving
force for preventing smoke backlayering in a branched
fire[J]. Tunnelling
Technology, 2020, 99: 103388.
R, /N, HOW, 55 B IE i 19 1) A R 3 X5 =Y
X LA ST [T]. HR AN B, 2024, 44(5): 218-224.

YUE Kun, BAO Xiaohua, AO Xiang, et al. Comparative
study of different ventilation methods during tunnel

tunnel and Underground Space

construction[J]. Journal of China & Foreign Highway,
2024, 44(5): 218-224.

o, ARG, AR, SF L BERRSE BT IS F% Bl XU 9
WEFE[I]. AN B, 2023, 43(2): 164-172.

WANG Zhongqi, LIN Zhi, FENG Sen, et al. Research on
gas migration and ventilation disaster prevention in
highway tunnel[J]. Journal of China & Foreign Highway,
2023, 43(2): 164-172.

RIS, AR, KB, 45 . R 9 B A it L A7 M A<k
S AT AR [J]. h AN, 2024, 44(4): 210-216.
DENG Wenti, ZOU Guilian, ZHANG Yuan, et al. Fume
emission and environmental impact assessment in fresh
asphalt tunnel construction site[J]. Journal of China &
Foreign Highway, 2024, 44(4): 210-216.

PIARC. Fire and smoke control in road tunnels[R]. Paris:
World Road Association, 1999.



