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Study on Maximum Ceiling Smoke Temperature
Rise of Inclined Tunnel Wall Fires
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Abstract; To study the particularity of fire development law in inclined tunnel wall fire under the
synergistic effect of fire buoyancy effect, wall radiant heat feedback and air entrainment restriction
mechanism, using FDS to analyze the maximum ceiling smoke temperature rise and its location in
inclined tunnel wall fire , considering slope and distance between the fire center and the side wall ,a
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dimensionless prediction model of ceiling smoke maximum temperature rise and maximum
temperature rise point is constructed. In inclined tunnel wall fire, the influence of the side wall
limitation on the maximum temperature rise is more significant with the decrease of the distance
between the fire source center and the side wall. The maximum temperature rise of the heat release
rate of 2. 7,4 and 5 MW tunnel wall fire reaches a maximum at 2% ,1% and O slope respectively ;
As the slope continues to increase, the maximum ceiling smoke temperature rise decays
exponentially with tunnel slope. Compared with the axis fire,it is closer that the distance between
the maximum temperature rise point of the wall fire and the center of the fire source when the
slope is less than 10% , when the slope is greater than 10% , the position of the maximum
temperature rise point of the wall fire is slightly farther. With the increase of tunnel slope, air
enrolling and convective heat transfer are continuously enhanced, and the flame of inclined tunnel
wall fire tilts towards the upstream and side wall at the same time, which affects the force
mechanism of the flame and the radiant heat feedback received by the fire source surface, the
maximum temperature rise of the ceiling decreases exponentially with the increase of the slope.

Key words: inclined tunnel ; wall fire; axis fire; maximum temperature-rise ; position of maximum

temperature rise point
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Table 1 Simulated conditions

T &/MW KIEALE e/ %
1-14 2.7 Hhek ihRE 0~15
15-28 4.0 Bk W RE 0~15
29 42 5.0 Tk iRE 0~15
43-51  2.74.05.0 it 124

R 0 ~15% MBUE 510 0.3% 5% 1% .
10% 12% 15% .

1.2 WEMRK

DIZK T BRI T OB E o 2.7 MW
Bh O, KPR B FRIE AR 1.431 5 m,
FDS 11 % R ~F BOK R AR AE E AR 1 1/4 ~
1/16,2550.09 ~0.36 m, H FAF5EE &S 2
THORAR AR e IR T, PR I 2 % 188 )y 1)
) A% RSE AT AL, 25 08T TS A T 26
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20.1875mx 0.187 5 m x 0.15 m;
@0.2mx0.2 m x 0.2 m; 0.3 m x
0.3 mx0.3 m,



42 4

SRR AT A8 ¢ R R T U B TR MR e R TS U 5 235

P 3 R DA 7 ZE A 2 ) H TR 0 A L
ARoE IR G RS RE B 8 LR K N
Wizt , R OMOBEE R AR/, BT
fii 1] 28 4~ MPI I 47ia 17, I & O MA% 1Yt
FUBTE] S 120 h, LA QM%) 25 h &
Bofs:  (H TS R R W GE L e R B
K S A R R TR,

275
250
225
200
175
150
125
100
750, é_,é.vr,ev
50

25 L
-20 -1 0 10 20 30 40 50

X/m
B2 RIS

Fig. 2 Grid schemes analysis
1.3 REVIE
K3 o900 1 kil T Tt - B ]
<k, ATLLE ARk 60 s J , T <M
JEIREIMERRAS, B 60 ~ 360 s MY ECHE -2
XTI e KR T 2E 4T 0 B, P S LA AR iR
ZEVEEA

3501

T/C

. 20%REL

300 \
250 4
200

gﬁ

&~ 150

<

100

50H

0 5I0 ‘l(I)O 15IO 2(I)0 2;0 3(I)0 3;0 4(I)0
t/s
B3 T AR T - ] 2k
Fig.3 Temperature rise-time curve of condition 1
SCHR[21] 45 0 1 7K F- % 18 A [R]) 5
[ S B8 F) G AR TR e Al 390 2 X

@2/3 14.078 D
AT, =17.9 " 5(1.096 ™ V= 1), (1)

max

K AT, TR T, C 5 @ Ry kA
GRS, kW s H S RS I8 = FE, m; D R KR
HC S IEE R BEES , my WO BRE SE R m,

] 4 AEEF TR R T 0L A A
RADAE R SOk [ 21 ] F1[22 ] A 22 B A RY Y
FOMMEXS L, SAORE | IRZELE VLB,
VLA ZE 3 BT FDS B AL AT 52 /Y, A
FHZAS AT 5 A0k i 18 K I %) TOUM 5 A T

L
SEAIATHY
3500 peE koo
Dhasor wwmza S, A
300 & 4R K5% .
v ﬁﬁ%ﬂd% 74 b [
250 ¢ FLRK10% Y
o <« FhZRK12% o ]
~ > %M‘ls% L
1200
g <
150 >
@ 100 20%iRE L
50+
0 50 100 150 200 250 300 350

EERMEAT, /T
B4 BUEAS ek 21 ] SCHR[22 1% He

Fig. 4 Comparison between numerical simulation and

literature [ 21 Jand [ 22 ]
2 HiR5iHe

2.1 WESNEMEXNRKEFHFMN
P 5 SR AN [RS8 8 B T s oK S5 2 K A
T fee KA T

B 5 TR
Fig. 5 Maximum ceiling temperature rise comparison
MBS RTLAFE 25 K IR PR T R
2.7 MW I, R R ff] £ 45 i Rl T A =5 3
s KU ARRE T Ry 4.0 MW I BE



236 WHERKESMARBFR)

540 %

SR K i R TR 22 (H 4 2.7 MW T
Bl N AELI BE AT AR TH I 5 5 > R g o
BERE] 5 MW IS I BE K55 52 K R T
M2 EE/N X R T KRN BE I, 7 K
IO S 0 KPR X R A AR A P TS D0 it
JETT e, (A KU T 4 52 3] 1) S AR R B3
BRI 6) o Beobh, W BE K 35 0 28 < 52 5
BIR A, I 28 B I Y B A A REAT AR
Be SR, KRR TR, BEA KR
OB HOHE ARG, W BE KA f5 KR THIE 3%
/N, F2 B T IR RO S B B
T, 00 R A 2 S W AV T8

=
S S
T

=
N
T

R

PR B/ (kW)
2

(=)
OO

B6 IR FR ST

Fig. 6 Radiant heat of fire source surface

M5 AT LATR il kB0 TOURM £ A it
THBE & R AR 3G R S R e, X 5 L. HL
Hu'®' (R0 45 51— B, 30 A A AR % 1
I IR AT A A A T 228K, 2k
TR Bl 25 X5 380 A TROR 3L A P B D 3 5
I BRI, KPR T iRt S O
FLELFRAR AR e A B M R R T

it B 2 ) ORI e Rl TS5 39 8 S A F e
KA O KPR HOE R 2.7 MW Al
4 MWIRF B2 33 88 B 386, TOURY e it T2
SERJ /N, P T e 2% (1% B4R
AL ; BB S R 38 T, TR B A T 42 4
RO ; Q2 JOIR PR U R G ] 5 MW
IS, TR e AT it P88 A 4 RAF 8 0

20 AR R 25 T 4R
BRI i et A o A L R Ol 49 ) T
JEN 0 ~ 5% {5 BE T AN [] B T 5 F) s

BEXCR IR EHRARZ R, gk 2 fiR,
M 2 Tl LLE kORI B R 2.7
MW Fl 4 MW B}, 502 B B 43 3 A 31 3
2% 1% W USSR (I AA, Ul BRI 07 38800 e
KT B2 SR T KUENSBEAT Sk 2 R
W BRI AR T TR AR TE AR be , (45 THUA
S KR T K ; Bl 2 B Ak S K Bl 25 <
U O WA Y:- %y NN 2 R 5

TET KO BT A PR 25 O I R i 58, ) —
7 T AR T S A3 R i AR P T R
5iR, M3 A IR AT 22 BRI i s 1, S U
R B 35 58 1) B I i 5 4 K, TOUAY
BRI TR AR
R2EEKF AR URRE

Table 2 Thickness of downstream smoke layer
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5 1 548 1978 2206
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Table 3 The fitted values of parameters

KR AR
B % 8 R?

R/ MW
2.7 4.0 0.432 0.035 2.002 0.624 0.98
5.0 0.499 0.011 0 0.501 0.97
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0 0.5625 0.5625 0.75
5 0.5625 0.5625 1.125
10 0.5625 0.75 1.3125
15 0.9375 1.125 1.3125

H:2. 7MW 4.0MW 5. OMW 7 AN [f] (14 il A5 B
HH A
WA TR LS & # bt o
ML, UL ad " AR LT AR ARAE R,
niE 10 frs

09 2.7 MWHIZ k

[e]
0.8F A 4.0 MWHEZ X
onl ¥ SOMWHIZKX
T e 2.7 MWIEEE K
0.6F A 4.0 MWIEEE X
o5l Y SOMWEiAEK
Cl---#gk v
W04 —MEEEK
03 A
A
0.2t 3
B
01F o
PR A S S S W T
0 0.51.01.52025303540455055

'™
10 RKRETH A EAS
Fig. 10 Maximum temperature rise point position
fitting

MIE 10 Hraf LI P E R R
HENGBE K B2 Koy | BEAT 0 e 5
BOR B, M 5C R K05 51 2 0.98 H110.95,
PR, 7EA5 00 IR PR T R R T8 TOURM o2
J& B TE R A BERR b 0T LSS TOU ok
pESANYIE N EVA-

-] ~0-107 52 +0. 195 49 a® "> MHEE K ;
| —0.008 25 +0. 168 13ad > Hlizk k.
(7)

3 45

(1) WU RE K i) THUB e AR T T B 385 T s 42
TEAURHRE R IH AR, LR k.05
A RE B 18 445 /) A R i 7 35 o o i 25

(2) Bl 5 Bk 38 i B 7 5 K, 28 S8 R A
X A A AN 3, 72 IR RE SR T
B/ INRIYE B R 242 1 R IRE 5 B TN [
KO 52 FRFR BE RN i W R B e 2 S i
AFL2.7 MW 4 MW .5 MW T80 5 T5 4
KT+ o MAESEE 2% (1% 0 B B e K
(B, 22 I Bt 305 38 138 o 4 S22 48 B0k

(3) FEM AR % T, Hhy TG BE ok 5 2k
K K K2 TIHLTIAS [ 6 2 R 18 35 B ) 34
R W RE KRR T 255 g i A ]
BITER R/ NT 10% B/ NFHRIZE K, Fe3 1 iR 3]
10% Z JEFFARHET T2 SUBIZR K .

S 3k

C1] aRERZD, TN R A 2zl T Ot
Bl A RERB IR A DAL AT (). TR PR AR SR
SR AIRFIARR) ,2014,30(4) :688 —694.

( ZHANG Peihong, YU Mingchuan, SONG
Jian. Optimization analysis of stairway spacing
for submerged longitudinal evacuation in
highway tunnel [J]. Journal of Shenyang
jianzhu university ( natural science) , 2014, 30
(4).688 -694. )

(2] SREGRLL, 20, 400K 25 a5 BT I 1 K
R RBCR B 5 Hr (] Ve B SR 22 4
( AAARIEIR) ,2010,26(4) 756 - 761.
(ZHANG Peihong, LI Nan. Analysis on fire
extinguishing effect of highway tunnel by spray
Angle [J]. Journal of Shenyang jianzhu
university ( natural science ), 2010, 26 (4 ).
756 -761. )

[ 3] ALPERT R L. Calculation of response time of
ceiling-mounted  fire dectors [J]. Fire
technology ,1972(8) . 181 —195.

[4] KURIOKA H,OKA Y,SATOH H, et al. Fire
properties in near field of square fire source
with longitudinal ventilation in tunnels [J].
Fire safety journal ,2003,38(4) :319 —340.



240

Tk B B OR E eE R (A SRR )

540 %

[5]

[10]

[11]

[12]

[13]

[14]

LIY Z,LEI B, INGASON H. The maximum
temperature of buoyancy — driven smoke flow
beneath the ceiling in tunnel fires [ J]. Fire
safety journal,2011,46(4) :204 - 10.

ST 73 o S O N N/ .7 ST B
RABIBAEDFFE[T]. BB E H A 201350

(4):8-14.

(ZHANG Zhigang , HU Jinping, LIU Hongzhou,
et al. Study of the maximum longitudinal gradient
of underwater highway tunnels [J]. Modern
tunnel technology,2013,50(4) .8 —14.)

W JER TG, R R AL 2 ik B 3 o 5 22 e A2 il 45
ARBFFE[ D] BHR - 74 R 5838 K5, 2013.

( YE Xinxin. Research on operation safety
control technology of super large longitudinal
slope  highway [D]. Chengdu;
Southwest Jiaotong University,2013. )
HULH, CHEN L F, WU L, etal. An
experimental investigation and correlation on

tunnel

buoyant gas temperature below ceiling in a
slopping tunnel fire [J]. Applied thermal
engineering ,2013,51(1/2) ;246 —254.
JIJ,WAN H,LI K, et al. A numerical study on
upstream maximum temperature in inclined
urban road tunnel fires [J]. International
journal of heat and mass transfer, 2015 (88) :
516 -526.

ZHANG X, LIN Y, SHI C, et al. Numerical
simulation on the maximum temperature and
smoke back-layering length in a tilted tunnel
under natural ventilation [ J]. Tunnelling and
underground space technology, 2021, 107.
103661.

Zeadt IR, /NG 3R X ) R T b K K
RS K B A R SE [T e 2 4
FEREEHAR 202117 (HETI 2) 25 - 11.

(LI Jian, SHI Congling, WANG Xiaoyong.
Study on smoke spread and ceiling temperature
distribution law of inclined tunnel subway fire
[J]. Journal of safety science and technology,
2021,17(S2):5-11.)

WANG Z,DING L, WAN H, et al. Numerical
investigation on the effect of tunnel width and
slope on ceiling gas temperature in inclined
tunnels [J]. International journal of thermal
sciences,2020,152:106272.

Writg e | JA ], 0 10, 45 R B 3R X i S
WHSZ W BT [ T] . KRB ,2009,18
(3):148 - 153.

( CHEN Haifeng, ZHOU Dechuang, WANG
Haobo, et al. Numerical study on the influence
of tunnel slope on critical wind speed[ J]. Fire
science ,2009,18(3) . 148 —153.)

JR PRI . R AR T TS DR 135 B8 X 5% 2K I <

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

IR [T ] PR 5 HR 2022,41
(1).58 -61.

( TANG Haifeng. Study on the influence of
cross section shape and slope on fire smoke
distribution in tunnel [ J ]. Fire science and
technology ,2022 ,41(1) :58 -61. )

T BRI R R RSt K e A SRR 7
ERIFE[ D] B R AR R 2015,
(FAN Chuangang. Study on the development
characteristics of tunnel fire and natural smoke
exhaust method of shaft [ D]. Hefei; University
of Science and Technology of China,2015. )
GAO Z H,JI J,FAN C G, et al. Influence of
sidewall restriction on the maximum ceiling gas
temperature of buoyancy-driven thermal flow
[J]. Energy and buildings,2014(84) ;13 -20.
GAO Z H,LIU Z X,JI J, et al. Experimental
study of tunnel sidewall effect on flame
characteristics and air entrainment factor of
methanol pool fires [J]. Applied thermal
engineering,2016(102) ;1314 - 1319.

JIJ,FU Y, LI K, et al. Experimental study on
behavior of sidewall fires at varying height in a
corridor-like structure [J]. Proceedings of the
combustion institute ,2015,35(3) :2639 —2646.
UL SEE NP N 3-8 U FE R S ED @S i Rw
R AERF T [T]. h E 2 2R %W,
2021,31(4) 156 - 162.

(LIU Yuqing, ZHANG Peihong. Study on
smoke temperature distribution characteristics
of large slope tunnel fire [J]. China safety
science journal ,2021,31(4) :156 —162. )
ZHANG X C, YANG M J, WANG J A, et al.
Effects of computational domain on numerical
simulation of building fires [J]. Journal of fire
protection engineering,2010,20(4) ;225 —251.

JI J,FAN C G,ZHONG W et al. Experimental
investigation  on different
transverse fire locations on maximum smoke

influence  of

temperature under the tunnel ceiling [J].
International journal of heat and mass transfer,
2012,55(17/18) :4817 - 4826.

GAO Z, LI L, SUN C, etal. Effect of
longitudinal slope on the smoke propagation
and ceiling temperature characterization in
sloping tunnel fires under natural ventilation
[J]. Tunnelling and underground
technology ,2022,123(5) ;:104396.
YIL,NIU J L, XU Z S, et al. Experimental
studies on smoke movement in a model tunnel

space

with longitudinal ventilation [J]. Tunnelling
and underground space technology,2013(35) ;
135 - 141.

ST E RN SESCH A XK )



