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Study on the Influence of Environmental Pressure on the

Characteristics of Natural Ventilation Smoke in Vertical Tunnel Fires Ventilation
Zhao Gang
( China Railway First Survey and Design Institute Group Co., Xi’an, 710043 )

[ Abstract]

Using a three-dimensional numerical calculation method, a numerical calculation model for natural ventilation and

smoke exhaust in a vertical shaft tunnel fire was established. The smoke characteristics of natural ventilation in tunnel fires under

different environmental pressures were studied, and the distribution of smoke temperature on the top wall of the tunnel was

discussed, as well as the critical height of the vertical shaft during complete smoke exhaust. The results show that under the same

heat release rate of the fire source, the smoke temperature of the tunnel and concentration increase with the decrease of

environmental pressure; The environmental pressure has a dual effect on the Stack effect of the shaft, but in general, when the

environmental pressure rises, its strengthening effect on the Stack effect of the shaft is greater than the weakening effect, leading to

the reduction of the critical height of the shaft for complete smoke exhaust with the increase of the environmental pressure.

[Keywords]

0 518§

630 % A Kk R I 7 A R e i R S g
PFRIN A DU T B HIA I 8 T o 3 2
TS HAE T SR IX, TS T e JL X i IR0 il R
WFSEIE L, Rk, T J i S B ok o A 1] 3t
IR 7 LA 2 L

FI R, B3 ok 5 B AR A F 90 6 B v 7T

Tunnel fire; Environmental pressure; Natural ventilation; Critical shaft height

JR X, Wang!'R 4 RSF SR 50 i 7 BB 7 1 3 28
TR AT T I BEAE K R R, e 25 R 5 HUE
TSGR BT 7 A W TR I, R M B
MIFEHEH . Kashef A1 YuanBIR: 5 R 56 1 7
VERIEFT T R TR R RS ) THUAR il BE 43 A <8
BOE B AR R 2 ) se e, FF ST T B L TR AR
B GuoE— RFIBAIG 34l -, 24 17k

B CEWAER) B & Nl (1972.07-), 5, A%, &% LFEN, E-mail: 603457128@qq.com

WekE H 1 2023-06-27



“536 - fil 74

751 2023 4F

VRO E | 1 S e LA 1R S [ BRR IR 38 A FE PR 52
Wi, 45 RAHT, MR E B B B2 A i T
ol o i s A 1] 8 Y O T 484K BRI HEEAT T 1/20
IR R SAG , Xk K PRAL T 5 AN A BN 58 4
JHC I 7B A FEREAT T 0FFE . TilOREAT T 48 RO
IR U RS T8 R B IS B, R T
AFE IR o Zhang" W SZ W F R KA
(il F B AT TS, JfR T BRI,
Fan(SIR Fl BB BT 7T 1 8 H A Bk B AR08 XU
MRVE RE RO SZMR o 58 PR AR OVAE NS i B A R 1
FDS, 7T 1 BEIE K 5 8 B AR KK B 2
[ FRY B 12 0T 8 P O A P PR R

LA BRI FER T fff A 5 412 B o 8 HE A
HATEZE IR A H AT m o X R koK
RS AR R SRR R T D . N T R i
P X BETE R B AR RIS, AR
FIBE AL 75 5 0F FU PR 15 s 73 o B 3 2K o e
AR 3 DX PR o 0 ARl P 3 A % e A R AR I S
H: i BEREAT WE T

1 BEER
1.1 HERA T
111 B S %L

(1) AR 248

BUE AR BFE K 130m, SEA SN Sm,
SRIE XV FEE R 60m, RSP 5N 5m. K
fE29 0.16m, FEIE K SIS HCSEERA A 1 A1
Kl 2 frR.

1 BESYH

Fig.1 Tunnel Parameters

B2 BEHERE
Fig.2 Tunnel Numerical Model
(2) W i &
BETE A (A TRLEE I FSE I v B A 17 o o 2 A
B, WK1 s, BEREIETEE 0.2m, [FHCY 1m.

1.1.2 KIRRE

KSR AR KIR, KIEAREE A SMW,
BRRL N IE B  JOURBEBE = A2 1 CO I R Eh 0.01,
PR R ECR 0.008100, Gl 1 s, KRN AR
GALT RIFNINZIE T 77, B SR IE KB R AR K
YA AR
1.1.3 R

(1) BEHIL S

Ik T B THT R A R AN TR B, Bk S
N R 0.5m; HA SR EHCA 1.28W/(m-K);
A 2200kg/m’s  HEIAHCH 0.88kI/(kg K).

AT A Dy g R, 4% 2 B O E
AR

(2) FH B

ASCH R RO BETE K 5 S AR E R,
M, R B S T S R % T A ity - 11 98 S R S B g b
R
1.2 Wk

Ik T K 5 = 24 KM A R 3 R SR KRR AE B
TR E PIAE RST,  KIRAFAE ELAR I 8 X

D*:G——QLTEY“ (D

PCrlg

X, DYNKIRRHEER: O NKRIFEL
£, kW,

FDS F-WHERF 1) 4% T4 0.06D*~0.25D* 2
], T DMERRF TR R B, WS RSN 0.1D*, W]
DA b SHE T 5 ) oA e RO R, R AR S
W% RSFECA 0.1D%*,  HAKH 0.1mx0.1mx0.1m.

2 HER518
2.1 AR E 5 AR

500 | — P=60kPa
200 ——— P=80kPa
—— P=100kPa|
g 300 -
200 -
100 |
0

20 0 200 40 60 80
BE U0 BTEE RS (m)
3 BEARKBESNERE ST
Fig.3 Longitudinal temperature distribution of smoke in

tunnel fire under different environmental pressures



37 55 4

B B ek R R BRIE K 8 R U R IR RE T T © 537

Wk 3 R, KIBHREEICR Y SMW I, A
REEIE I OLT 5 BEIE KO SR8 KUK I THEE 2
)R IR A o BRI LA BB A B
UG KT IZ ATy, HAEHRE L AR B SRR T B
HUEOL, X2 T HRE AL DHRR SR A . A5
JIREARI B TE O 1A A LR P BT
o KRR, I SRR, 2O,
A BRAR, FEAH R KRR R, IR
o IR WERE, K KAFERCRAALR, 3
SR JTRAR, R A G
2.2 FEIEMH KR

BETE W 70 A LR AN B 4 B AN ehmT A
Y, B AR AR P B U o PR B S DR P IR
M JE AL V22, FFEHRMEFL DA SR T . X2 A
NAE SR SO AR G R B AR
B, 2 Je i SE R RS G N, IR A i REIE
YhIE) —ZEY L, ARIEREIE R B A AR, AR
AU — 2 IE 2 BTG S TE N TR (B
RN, PRI, BRI EEAE B B DS 18 k)
frass . UL R HE AL O, B T EREAL IR
HRAERT MR SR AR

K 4 SR, MBS T BRI, BEIE AR
WL ETHEEYS, X B KON I ) AR 2
R LI, AL AR AR ST T R, SE
I T AR A FEE i A AR T 77 B B AR T K

0.08
= —— 60kPa
?é 0.06 - —— 80kPa
3 —— 100kPa
g
50.04 -
i
®0.02
r
= 000k
1 1 1 1 1 1

20 0 20 40 60 80
B K C B BE R (m)

4 BEHESIKESS
Fig.4 Concentration distribution of smoke in tunnel fire
under different environmental pressures

23 Im Bt

G BEIE K 9k HARIERIEIL T, 0 HR
IS, R RN RIERT, B
PR o 2 8 P 08 e I REA (58 4 AN e
FENHEL, B s Brs. RS E AN RN, AURE
R — BRI, 3 —E R Gt Rk sk &

&, W 6 Firs. O T MBI R AN KR 24
S8 A HENH K /N B v BE R E SO i 8 H i
AR A BB R AR 7 VR B TR 58 I 7050 He 5
M o

i = |

Bl 5 £RTHERITEHHENESTEES

Fig.5 Smoke morphology of full-size numerical model

with complete exhaust
s
—— el

6 ERTHERITTEHMITHBSKES
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full-size numerical model
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