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Numerical simulation study on temperature distribution

of tunnel fire with different sealing ratios

Chen Changkun'”?, Wang Nannan', Liu Xuanya®, Yu Nianhao®
(1. Institute of Disaster Prevention Science & Safety Technology, Central
South University, Changsha, Hunan, 410075, China;

- 2. Key Laboratory of Building Fire Protection Engineering and
Technology of MPS, Tianjin, 300381, China )

Abstract: An 8 m long tunnel model was built by numerical simulating to investigate the effect of
different sealing ratios (such as 0% , 25% , 50% , 75% and 100% ) on ceiling temperature in-
side tunnel and the smoke distribution of tunnel fire and the liquid methanol pool fire was used as
the fire source. The results demonstrate that, for the relatively smaller sealing ratio (25% ) , the

ceiling temperature inside tunnel is similar to the case of non-sealing, and the smoke layer could
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be observed obviously. With the sealing ratio increasing (50% ), the ceiling temperature inside
tunnel decreases slowly and the smoke layer is disordered. Moreover, for the relatively larger
sealing ratio (75% ) , the ceiling temperature decreases sharply and the smoke layer could be ob-
served hardly. In addition, there exists a critical sealing ratio during the sealing process, above
which the combustion inside tunnel is depressed obviously due to a shortage of air supply and the
temperature decreases dramatically in a short time.

Keywords : sealing ratio, tunnel fire, ceiling temperature, smoke layer, numerical simulation

0 By

i

i T B A R 4 b B B 5 8 J BIR  225 T,  15 BE K R LA R R B
A F i RS . 2000 4F 1 H, B A Kitzsteinhorn funicular B il P — 51 %
PR e B 25 R A K, S RGE AR, 155 ABET .18 A%%445;2008 4 5 A 12 H, Rk 109 Sk
HA—8A 600 t AMEIE 8 FE ARG KK, HBEREE 9 X8 HHELEA KA
K RN BAC B BARAE 5o 2014 4F3 A 1 H , A B LU PG ¥ 5F e i B I 9 4 Y
B R, R B O A KRB , FEGE AR 31 ASETS 9 AKRER, AT, BRIEAK—E
REEESERERPARGT-MAETFHR B, Q0 B ik 250 £ b B bR 18 KRR B
DR HIRERE . TIEFM BB E KK IR A H, EHEN R R AL BT ZARMHTIEZ
—o 1990 4F7 1, o [ U )1 B4 I8 bt ok K A (B R EHI% IR B Bosh g — ™ o i
FEESE AR, S5 B BRI KK R BB R, BT A i S0 5 i i) B R AL, 75
RHT KRR S LR

20 B RASK , B P9 ShaA 25 S0 O )5l AR | K IR A B R, FH 20 48 R B
TR B K AT T R SEIsT” "  [REF, b T AR ARG ke kK , B A
B3 SR AN ) B XU Rt R~ 45 R 3K, A A SR TS AU ADL A 14 3of B K K AT T
—RIVMBUIBFIE o 21 R IR , BRI K JTE PR , 610t BRI Ak S ] S B,
W AT T R BRIE, BIANSE s 252 A1 4t 38 e SR 1O AT HEK B 5 7
AT LA RO BB A 5 5 R SR T LB AR ki, E A A R T R S g
MR Ko LA EBRFEfEE T X BRIE KK #E— I8, 3T B oW BB K R Fh B 4 7l g
S HAE . EEXEE T RERGE KB R 7 E St — LW,

FELA B BRI EERE b, O T RFSE T AR R BHE T 1 BRIl KK, A 3CGE i K R 3l J1 1
B FDS Xt —AN48 T BEETEAR RIS R BT B ARG ST, 18 8] T AR HE R
T BRRE PRI R YR E 4 A e TR L B R AR , D R AE K R I RAR E—RE I S B



AR 33 & T B K R R 9 BALAR AT R 3

1 BB AR EE R N ERE

L1 BEEREIMR RS EORE

A 3N R T4 — € B L BT 4/, B BB K F 8 m B8 0.6 m B2 0. 8 m HRRIEAR
A, B REIE ERRHETIEAE 0.3 m, THREEBEE BN 0.5 mo HA, MM AN 60 cm x
30 cm, H 48R T RREARE trE] o BRE R ER B SR8 XU HEAR 75 =X, HoE X0 S BAR O
B T ) ) BSR4 TR 1 BT

b E
R~t: 60 emX30 cmX 10 em

H1l BERITEE
Fig1 Layout of the tunnel model

% IR BB IE K IR K P HRPETE SRS R PR PR 4 L, AR SO — M
KRB B RO BB K IR, 208 100 kW, PRI, ARSE4D R B H 78 R RRBERE AL , IR
KRS R, BB 790 kg/m’ , SHARECH 0.2 W/ (m - K) , Ho#y 2.50 kI/ (kg - K),
PR 65 C FIIRIREER 20 C o RHARUEBIL T o0 AT FE 1, 458 K TRSh 5% B E BB 2E 4T
P& R 43, Fordy X 7 TR0 10 SRR U Y 7 (s K14 100 ARAE, i Z J5 K43 12 4~
o MeAh BUIREER AR R 20 C o BRIEMMLGT B AE 2 B, Hrp i b ol 55 R GE
T B HE T 7 P s B BE B 395 0. 05 m, R 9 BERT 3955 0. 1 m

17

A o——- JUR

8.0lm
0303503503503503 05 05 0.5 05 0.5 05

g Ewm 631'62 lﬂ}l}lﬁ% 11*’10 fo fs‘ﬁﬁ'
0.8

H2 BENERENSGEREE
Fig 2 Layout of the measured points inside tunnel




4 2015 B TRBABFEERAFF 2R LE

1.2 BEE KRBT

A SCAE RSO R 38 T, X G ] 0 R (] e 39 ) X, EL A A BRGE KR it
B R H R RN R SR, B BRI N DU IR B R SR 0 o A ORI E
B BRI RN N 0% 25% S0% \75% K 100% HFMELL , BAR R B E 3 fin.

N

0.2m
04m

(a) (b) (e) (€D)
B3 FAREHEETREERNOREER

Fig 3 Layout of different sealing ratios

(a)BEF 0% (b)EHFR25% ()HIEHES0% (d)HIEHETS% (o) HEEHE 100%

A A FDS X AP EHERT HIBRIE K KT, BEAUEHE] S 900 s, Forpiij 300 s K%

B R , 300 s B X B TE P A0SR O 64T 0 Bk EHE ﬁﬁ%)@ﬁ&ﬁﬁtﬁ B Bk T
mFE 1 fim,

8
o

®1 RBEAREHTR
Table 1 Experimental conditions set

i LES S/ HIER(%) FriaetEtE)/s
01 0 -
02 25 300
03 50 300
75 300
100 300

et et

05

2 BERSSH

2.1 ANl Bk A R U 0% S AR HFAIE

B 4 Z & 6 4355 AN [R) B 3% 28T BB I 1 B T N 1) 2 B o S B 0 A2 TR 288
Rt ] ) AE A A B

ME 4 ZE 6 hEJLIF H, YEHER R 100% B, B FREE O #2855
TEHE BRI , BEAE P AR B PR S R SR TS K, 36 A R P 45 Ak TOUR I B 249 S B R R, B
TESE (8] R ZRAEEIR AL . 2B BE AR 75% B, Bk 8 P 25 b TOUBH T 2 2 Bl o, L IR
Yy o2 I BRE U B , LR PR R BER R E AR 5% B, BXSE N (AR o PR B e
25 SRR 1T A2 2400 6, 15 2 1R H) 09 3R 15 B T 1 7 A 4 PR SO 9 o DA B T 1 HE
H 0 AR SRR B T P9 (A R T N IR B A R PR AR IR A, A 50%



RE AP35 R T Bl KRB SAER AR 5

1 400

BT | BHHE e fiEmon

]
|
1 2004 E —e— HHEEISH
i —a— HHEFE50%
1 000+ | v HHEETS%
i —a— HEEE100%
|
I
|
I

400

200 i E BT
vy

T T T ;**‘-V““"i' T T
0 100 200 300 400 500 600 700 800 900
¥ [8)/s
H4 FAEHEXRTEERO(T7) HHERE
Fig 4 Ceiling temperature of different sealing ratios at tunnel entrance (T7)

0

1400

HIEEW | HEF e HiER0n
1 200- i —o— HIEFE%
! —a— HHEES0%
1 000+ | —v— HEEIS
' —«— HHEEI100%
O 800 !
2
ZE 600
o | L1 T T
1
200 i “Hﬁ@vﬂmpTﬁ'mW
{ 3*44: “““““““ C =

0 T T T T ] Al ' T
0 100 200 300 400 500 600 700 800 900
fisf 8] /s

BS5 AEEERTRRE GO (T) TR E
Fig 5 Ceiling temperature of different sealing ratios at the half of tunnel center (T9)

B, B SE A 1) 2 B O B o O Ak THUB UL E 5 o 8 A L, 3495 /N BE g, T 11 Ak
TRHRIR FE R 3 5 AR SHE AR L B A AR, 2R 25% B, Bk 38 9 2% Ak TOUHH 3R BE i
SAREER AR T TC I B, AT AR EIE R T, B P B RS R RE W R MR, BRE A
BRI AR 2 B BB IE 1 EHE AR

BSh, B 6 HHRT LA, Mg R K 75% B, BRIE NI BE 2RI T B, BL7E S E] A
REZE200 CZAr. BRI, G5 REM  AELFRINBRE KK H  FFE— D IR B R, SRR
FZG FE T , BRE P B9 #RE K 32 ) A S 00 i, L PR T A0 PR e A I i) PR KR T

B 7 2 600 s B A [R]85 T 4 kS 0 1) TOURHA Ak 3L BEE B9 4 , B B 48 R 938 I, B T
PN TOURHA VR B R A R AE o LS , DA PRI Pl T LA Y, RS A TOURH R BE LA K B P I 2 T
B s 3, W ZETR T AR A0 /NIRBE B 7. 7ERbE AR o, BB SE N 7 AR B R R 2 BT
i 1 1 A1 T 24 B R 0 O B A, RSO R BRI BT D AR HEH , GRS
EERIRS R, FERDLE R, B R TOUM AL B T 5 BE B TR (AT 0. 05 m, M7 3



6 2015 | B TRBEAREFFAFTLRLE

RRAEAR R R AR O TR B R BB

B T~ - —

1200 | —o— HEER25%
| —a— BHEEES0%

1000+ ' —v— BIEET%

0
0100200300400500600700800900
B a)/s

6 FEFIEFETRIE DO (T34) MR E
Fig 6 Ceiling temperature of different sealing ratios at tunnel center ( T34)

1400
| —=— HHEE%
1 200 —o— HIEEIS%
—a— BEES0%
1000 —v— BHEE5%
1 —a— BHEE100%
8 800+
M 4
ZE 600+
4004
200"\‘\'* M/
0‘ gttty 4 ¢ ¢ ¢
3 -2 -1
ﬁlﬁlm

7 600 s it R [E) £ % T RGEIR I B TR ES 6
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