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The Influence of Smoke Exhaust Power of Tunnel Opposite Jet on
the Phenomenon of Inhalation and Penetration

HOU Yun-fei, WANG Yong-dong* , QIAO Bo-xiang, LAN Xing-hao, REN Yu-tong, CHEN Yuan-yuan
(School of Highway, Chang’an University, Xi’an 710064, China)

[ Abstract] Utilizing the PyroSim numerical simulation method, a comprehensive study was conducted to investigate the mechanism
of the smoke pull-through phenomenon in a top-central exhaust system under conditions of counter-flowing jets, with a focus on the
effects of various exhaust powers. Changes in smoke layer thickness, temperature distribution, and airflow velocity within tunnels were
investigated under conditions of enhanced exhaust efficiency. Critical exhaust efficiency thresholds associated with smoke pull-through
phenomena were identified across varying heat release rates of fire sources. Furthermore, the critical Froude number for smoke pull-
through in centralized exhaust systems was established under counter-flowing jet conditions, along with the critical exhaust rate
coefficient required to prevent such occurrences. The findings revealed that as the exhaust power increased, the exhaust port R3,
located farthest from the fire source, was the first to experience smoke pull-through, followed by R2, while R1 remained unaffected.
An increase in the heat release rate of the fire source led to a corresponding rise in the critical exhaust power threshold for smoke pull-
through. A moderate increase in exhaust power could improve exhaust performance; however, exceeding a specific critical value would
trigger smoke pull-through, thereby reducing exhaust efficiency. At heat release rates of 20 MW, 30 MW, and 50 MW, the critical
exhaust powers were identified as 80 m’/s, 100 m’/s, and 150 m®/s, respectively, with optimal exhaust powers of 50 m*/s, 70 m*/s,
and 110 m’/s. Furthermore, the critical Froude number for smoke pull-through was determined to be 35, and the critical exhaust rate
coefficient was 0. 8. These findings provide a theoretical basis for optimizing the design of exhaust systems, enhancing efficiency, and
promoting energy conservation.

[ Keywords ] tunnel fires; opposite jets; smoke exhaust power; suction and break-through phenomena; numerical simulations
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Fig. 1 Layout of smoke exhaust outlets
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Fig. 2 Smoke exhaust outlet size and monitoring equipment layout
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Table 1 Simulated working conditions
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1 50 15 50 29 50
2 60 16 60 30 60
3 70 17 70 31 70
4 80 18 80 32 80
5 90 19 90 33 90
6 100 20 100 34 100
7 20 110 21 30 110 35 50 110
8 120 22 120 36 120
9 130 23 130 37 130
10 140 24 140 38 140
11 150 25 150 39 150
12 160 26 160 40 160
13 170 27 170 41 170
14 180 28 180 42 180

S S R E/m

H (D) H. Q HKFEIER KW, p NEHEE kg/m’;
C, 7 SHIES, K/ (kg + K) 3T, MBI, K;
g NS B 9. 81 m/s”,

BRI STEC D /16 ~ D* /4 B R
A SCIFSE R 0 0.5 m x 0.5 m x 0.5 m 4 Mg R
St T R DS TR N, B H 0. 25 m x
0.25 m x0.25 m AYRIKE RS, DAE T 50ORS A A 481
TR ARG Y

2 EMERSHES T

2.1 HEEOTHBESEFES
2.1.1 AEEF&E & ESHT

HRHE SCHR [ 19-23 ] AR <2 B i BT,
P ZAH ) 59 91 HE MR 2R GEAS TR HEAR DR R B 4 <2
ST R A 3 FR .,

HE 3 AT IR I 45258

(1) 2 KA H R Ry 20 MW, HEMH D)) R 35
KEN 80 m’/s B, BE KRR I HEE T R3 T <
T SEM E Vo 25 AR Al A HE R HE A Ty SR G K 5
100 m’/s W}, 46 HEMH 0 R3 & A=W 2 IR 4 ) i
R2 A TR EEIA

S T R B /m

R R R BE/m

7

B EFIX

(=)}

—=—20 MW
—o— 50 MW
—4A—30 MW

W
T

~
T

tza/zﬂaﬂﬂﬂaxlj

60 80 100 120 140 160 180

HHEThZ/(mPs)
(a) HE LRI
.
SEAREF X
6 i - P
5 L
4_
3 —=—20 MW
—e— 50 MW
—A—30 MW
2% 80 100 120 140 160 180
HAE T (mP-s7")
(b) HHAR2
7
SEAMREF X
6 88— &
S-M
4+
3r —a—20 MW
—e—30 MW
—a—50 MW

60 80 100 120 140 160 180
HEAETh /(s ™)
(c) HEHEIR3
3 HERR TR D7 A A2 S e B
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below the smoke exhaust outlet
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{E, 7T LIS 21 B ARS8 Fr,,. < 35,

2.3.2 eRidem R

CHESTRTHRHERR R e He AR bR e Y 2 48 T Bl
1R 25 A B I HE R e 20 =X B

V.. = K47 (ATT,)" (4)
K(4) e V., KB5S R A Y i B HE AR R
m’/s; AT RS20 5 8 M 2518, K; T,
RIREEIREE, K d MR R R S PR B IR R Y 22
1B, K b R SR R R B A HEIA 1AL 5 e
PRIZR, YK A7 T BRI L 30 35k 1 sl HE AR
BT TAR, B = 2, SHENH 1T 54T 55 455 1 B 2 4
BB = 2.8,

B FE TR v HE AR A I R 3
FBOTHCE = 0.025 ~ 0.05, T AH 1A 59 T00
AYRFIR P, b 3R B JF A 38 1T 328 BOAH ] 59 30t 4%
A TS TP HEH R G A B RE A, LT B
B4 L S HE A ) 3 R B ke 38 0 B A 2
AHEAR TR i S HE R R AR 4 s Horh
BB =2,

H SR THER, PEIUAR 2R IR 28 A I A e R
B F 1) 55 i HE I 2 G i S HE AR R R AL kb =
0.8,

3 Fig

R HBUEEAL, 76 K IR D%k 20 .30 .50 MW T
WEFE T AN TRIHERR D) 32 % HEAR 11 W% 28 B0 52 1 52 i), 75
LR 5L,

(1) Bifi 25 HEAH Ty 26 8 A W 338 A, 36 15 K U 1 HE
MR R3 Fe B oE g ki HER T R2 &k
WEZE  HEAR T R1 MHR 2k K AW 2E B4, KRR
TR IR 11 48 R 3 350 H P 2 B0 4 14 i 3 HE AR 1
FARRIE R, AR HEMR D) 3R N & AR 02 4 ) I
AR 80,100 150 m* /s,

(2) HEHR ) 258 i $2 T 0] 5 208 i HE AR RE0R
(R I FHER , HEIR 1% A 0 2 0 52 4 B IR HE A
BOR ., TE 20 .30 .50 MW BB HCR T, HERH 202K 43 5]
450,70 110 m®/s B HERSOR fedif-

(3) Zead T A FH A 1] S 25 4 T T
AEThHEMH R S5 19 I 5L Froude < 35 ; I ALHEMR I R 4%
A REk HLO. 8,

F4 FHEOMIGRHREZR RE L

Table 4 Critical smoke exhaust rate coefficients of each smoke exhaust outlet

TH Rk T AU
HeH D R1 HeW O R2 HEMH O R3 HEXH 1T R1 HEH O R2 HEMH I R3
1 0. 008 0. 121 0.706 22 0. 067 0.321 —
2 0.010 0.233 0.732 23 0. 087 0.583 —
3 0.026 0.244 0.717 24 0. 096 0. 634 —
4 0.045 0. 421 24. 031 25 0.112 0. 780 —
5 0. 060 0.316 — 26 0.118 188. 177 —
6 0.074 121. 246 — 27 0. 134 — —
7 0.089 — — 28 0.215 — —
8 0.110 — — 29 0. 006 0. 181 0.263
9 0. 141 — — 30 0. 008 0. 250 0.328
10 0. 146 — — 31 0.010 0.257 0. 491
11 0.185 — — 32 0.015 0.384 0. 538
12 0.242 — — 33 0.016 0.119 0. 580
13 0. 336 — — 34 0.024 0. 145 0.763
14 0.472 — — 35 0. 033 0. 163 0. 786
15 0. 007 0. 094 0. 401 36 0. 037 0.198 0.796
16 0.010 0. 127 0. 478 37 0. 048 0.262 0. 662
17 0.013 0. 148 0.717 38 0. 057 0.332 0. 645
18 0.033 0. 199 0.797 39 0. 086 0. 408 51.94
19 0. 032 0.224 0.785 40 0.103 0. 594 —
20 0. 047 0. 436 325. 425 41 0. 125 149. 58 —
21 0. 059 0. 629 — 42 0.248 — —

T IALECE A7) — KR AR IOR T I%HIAR 10 D A W 23 I A g HI A 0% 8 AR B 28 K A IR 2R O HE AR R AR
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