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Numerical Simulation on the Ceiling Temperature Change Law of
Tunnel with Moving Fire
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2. Yangquan Fire Bureau, Yangquan 045000, Shanxi Province, China

Abstract Aiming at the accidents caused by moving fire source, for analyzing the influence law of moving fire on ceiling temperature of
tunnels, through Fire Dynamic Simulator (FDS), the processes that fired vehicle with 20MW Heat Release Rate (HRR) travels at the
speed of Okm/h  (static in tunnel), 40km/h, and 60km/h, respectively in tunnel with natural ventilation are simulated. The longitudinal
temperature distribution, change law of peak temperature, and its influence factors when moving fire stops and becomes stable combustion
in tunnel are specially analyzed. It indicates that ventilation is main influential factor to the temperature in tunnel fire. Moving fire causes
air turbulence and breaks the circulation balance of hot smoke and cold fresh air caused by ceiling jet in tunnel, making tunnel fire
process more complicated. On one hand, the airflow filed movement induced by piston wind wake of moving fire promotes mixture and
combustion of fuel and air, on another hand, it blocks the spread of heat released in the direction opposite to fire movement in certain
degree and also entrains high temperature airflow into its spread. The research provides guidance for the study on mechanism of tunnel
fire with moving fire as well as relevant fire fighting and rescue technique.

Keywords moving fire; tunnel; temperature; fire dynamic simulator

0 35ls PR A TR BRI B 2 (] N, B8 Bl IR Y Bl 25 AR R AT
Wit 57 I A S O A N I T K O A A R JCURTTE R I A AU 3h 2545 A B2 W A B AN TR, AT

IR RSN IR IR el 31 P e A A S X BB PAL K G I 1 R T AU A 7 A S

2R KPS 7 AT T BRI PS | A Kk 9 H b BB GE A B FII B 3 K GBI T T7 ¥ AT 4 RS2, He il RS 5

KA B 2012-11-19; @ B #.2013-01-28
AR . A3 FH A AR B (IRT0856) ; & @ 4 13115 #3441 #F =427 A (2010ZDGC-14)
EHRA: SRE I R T AR LHRR AR BF12H4 :dengjun07 @yahoo.cn

B 38



] jcmik

## S 2013,31(11)

3R it XX (Papers)

6 AR A DL M, [ A A0 56 T BRI R R A S A 5P 2
A b T AR Aoy LR 07 8 5 KRR R R RE G KR A K
JE R () ) B B S0 sl BRI, A7 G 3 25 KR B 5 A
xR Her 5 R SRR BRI R A B KRBT TR AT T
ST, a8 5 /s HOA) RS A 0S5 36 A T LR A U O 28 T
J& T AR SRBIR ST, (EL BT X S g T S T RS gl U Y T L A
FUBIE ST X B> o AR SCR KK Bl 7 S B R FDS 5.3.3
HEAT R T8 KISy SRS 5 0 LB A RS Bl KR A R I
BT 2SR AE AT BF 5

1 YEER
1.1 BERIRER

BE I 320m , PR I BE 5 4 12.60 9.76m 1 K A
TN E L T N SRR ST K BE s 4 ol 320mix
12mx10m FE AR WL 1, 25675 Bt B e i L
J T 1K e A 18 X SR 10 Ak A S 9 A B R A T
I BT PN S ) BT A 1 S e Y R R oy 2 Bl ) T O A
KNI 0.22mx0.22mx0.23m , 7] BF 85 1 11 42k 11 31550 1X
3 1) A AE R S, B A% R0 UL IR 2,

B1 BERIUHEE B2 HHEXESMES

Fig. 1 Cross-section of tunnel Fig. 2 Grid partition of

calculation zone

R 4% AT, A R 3 AN 75 L ARGE L B T 5 T 00 18 A
8 F AR X AR TR BRI BRI [ K KU R
FWI UG TR 23 3 R 2. 7m/s, 10°C., I B0 A2 BEIE Y 1) R XU i
U 55 JUSAT 9 [R) 1) 12 1) 6] 43500 SR+ =, AR SO 8 3l kU
XoF 6% T PN IR S (4 5 W ATE Y DRI Oy BT AR TR R RE T A
2 RN AE AN AF R DARE T P S R A 5 4 AR B R oy T A
S R 2 R AN AR AR AT R R A B
1.2 BINEEE

AR SCREAUL Bl G i 1k A R T8 B A kDL R R AL BN
AR B A AT S — B A) 45 1k AR SRR B 1 IR I, R S
B % 18 17 45 FR 3 40~60km/h (25 10~15m/s) , 43 5% B K I8 7E
FREZIE A O 100m Ab & 1ERESE (V=0m/s) , LA K K53 LA V=
10m/s F1 V=15m/s D\ A FI 15 % 18 M 1 o Bl 47 2 % 3 A 100m
A5 1 IR R SRR 3 FIRIRES .

KT HnT K 1) FAORE 0 SR (HRR) (1918 2 T4

SCIESCE & TECHAOLOGY REVIER

F S HEPENY ) S BR MeGrattan 25 {16 A9 3T {045 1 45
b, 8 UK Az JLER K v A5 kR FLRE 20MW , LUK 58 = ol
Smx2mx1.5m (14 5 A ALK AL A2 JLART A4 35, BR IS 1T A1 19 5
AR BE 0.65MW/m? FAREHCHE 22 7ERE I 38 KR Om/s (1)
SR, 3 R A AR IR ARES G283 10s A KB B 7s K47
fib T % S RS E 0 B O S R (1~25) P9 HRR 28038 0, 1k 51
35MW ZeA7 WAl 22 )i 2~3s LA 20MW HEA7 e R 4%
1.3 BENERE

FERE I R AR E R SR S5 100m TEEN (y B 0~
200m ) {4 % 18 L 50T DR RS 2 Jy 1) B IR B DU A T~Ts 4L 13
Ao B R AR E R 8 o T ST V9 000 3 8 e R A I LA T
DU A5 AE LB LA 1Om [RIRR AT B, 228 25 9% a5 LA 20m [ B A
KA E AL E WL 1,

1 HERRBENSMCES
Table 1 Temperature detector location distribution in
numerical model

Tk B2 I 44 B 7 & /m
T, 0
T, 20
Ty 40
T, 60
Ts 80
T, 90
T, 100
T 110
Ty 120
Ty 130
Ty 150
T\ 170
Ty 190
2 WEER

X % I AL 20 A B4R A HROF AT S T B xRz A
AR — S WY &Ly, B RTAL S 8918 3 o3 J5 Rk

fx+17(8om+8m 297 | _dv,

1 (doy,  Or, 0Ty |_dv,
ﬁ+;(8x+8y+& )_dx n)
fz+17(80u+8m 4 I7 | _dv.

p ox dy 0z dx

JLrfr fof FF Ay AR AR F T IR Gl 1A B SO A O AR
R BT AR 3 A AR AR 1A 0 ok, AR ST SCAR P AR 45
FE R U R g R R 0GR A 2L (L) FEAR I R
EIRERE R RENIBUSSdy =1 Sy = FEl e D =R | N
E R RN N N Navier-Stokes 77 F£(N-S K ).

39 Im



| lemik —

ﬁ it 3 (Papers) B S 2013,31(11)
ﬁ.ﬁhmmvliwﬁl

é&=rL@ﬁ4%uﬁ%+%ﬁ TRBE 10s I BEIE P 100°C 25 (1 B0t k3 9 , X B 30 K U

e o Ay B I XTI A S 4 A O T 407 A S

di g Ldp P Fo Fo ) SRRSO T
A, 5397 52 1 B o U LI 6 5 B L

g ;7%2’*% T e 311 NIEBAKE 10s BBEE 19 100 % EL

i T kAL TRUE AL E JE HRR A @ dn&Eta, v DLk
& LOLT KL TR e 2 & 5 10s I 1Y IR B2 37 100°C 1Y 55
HL (K 3 R AL NE, LB A KR TO0 KR E MR

N-S 75 R 57 1 U AL 5~ 30 dak Yy B 5 AR AU 1R
TR 1 AR A FEBCRERE 0 L K51 ) Z A B 5& &) FDS dl i
BOE SR e 2 K CICTF T 9K 3) 09 A 5 bR X0 3 i N-S T R,

I I AR SR 10s FRAVIRE 53076 , N 3 B
i 3 AT LA kIR AR E e B IR R R, e TR A
3 HEZLEBRAH JHATERE S VE T B 2 L To0 ) DS T50H 5 3 £ P 1) o 20 799 i
31 BHAEEANBEIBAGEETSE EGE AE 10s B 100°CHHR =& 9E 2 KR PN 29 30m 2b
PEIURE S TC R (U=0m/s) | BF 98 2 T80 AL RE G o XL 3 A5 EER AL E, 1k IR Y A5 (E 2R B AE IR

g
Om/s &5 1 B 1 0s

220.0 200.0 180.0 160.0 140.0 1200 100.0 80.0 60.0 40.0 20.0

10m/s & fEFaE 5108

15m/s ki fa 2 s 10s

| |
80.0 100.0 120.0
BE BB /m

B3 U=0m/s B XiE7E 100m 4k 78 TE#AKE 10s B 100CEHE LML B
Fig. 3 Locations of 100C-isoline at 100m after 10s stable fire combustion when U=0m/s

I 3 353 T a2 2 KU 10m 247, H V=10m/s I A 204K 2y R PR s i sl A, R O G s T L TR
V=15m/s FIAFAE Lk BN 3 KU, X 02 T K s sh T8 T [LEE

THUHI0 S5 30 A& R R A 414 [ U A A% 2l s o g 3.1.2  NIRBAKE 10s B BEE N SR & E 15

P i 31, — RE BRI L R T IR B 1) J B U N A 3 Fh T L F JCURAR E T MR E 108 IF A 0 JEE 3 73 A L
PR, 3 A Bl A IR B A A S KRR T, BRI K4,

T R e
5.50 4.95 3.85 3.30 .75 220 1.65 110 0.55 0

4.40

Om/s K JEHRES 105

15m/s & L fR E S 105
|Ill||l||||Il|||l|l||||||||| ||

20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0
BN O E S /m
B 4 U=0m/s B XEZE 100m 42 7E #AKE 10s ISR EE 15
Fig. 4 Airflow velocity fields at 100m after 10s stable fire combustion when U=0m/s




] jcmik

## S 2013,31(11)

3R it XX (Papers)

4 WL E T AR SR AR ], KR RS S Y 3
R b T HET0 R T AR R P B S AR T, R R
T P b £ G R R AL (HR B Bl R 25 100m Rk i
AR SR IR S 10s BTSSR FEAE B B AT B, SR T
SRR B i T | R (VR A AT B A R B T A
b ] BRI HR 0 I TR, AT AT DL P A RE 311 HlR
iy rh & L1 43 A FRAE

’:::: W’\/WJ\WAWW%M "\\A _i
o 250 =

Tl g S o= gStrrocio
— e E €] 671 073 60 T = A 0 D T E e 00 00 O O

fif [l
(a) V=0m/s B 10 & il 2R E
(a) Ceiling temperature when V=0m/s
400
T
350 L
L
300 7
£ 250 —5
= —T
;;% 200 —T
. —T:
150 4
> T
100 Too
T
50 T
0 — T
ORISR TR = OO T oM CInNg
Eenhanl e Lo EaaTarTogho e RTgllaB=RV=] o ol - R Y = 2 = )
T /s
(c) V=15m/s RS #1051 & il = iR EE

(c) Ceiling temperature when V=15m/s

SCIESCE & TECHAOLOGY REVIER

3.2 BEh MR XK E Y E HE TR IEE 5 BB

B BRI N A AR XU U=0,+2.7 F1-2.7m/s B 45 K I8
S0 T R T TG i A5 0 A YR R T AR Ak DL R S e A
T 8 I ST i) 1) 2 A0 B R TT A BT
3.2.1 B&iE R RUE U=0m/s Bt

Wk T8 PN RUTHR Om/s B, AS TR) IR S 4 T 1) Bk Bt T00 4 1)
A5 I A5V A A e IR R T IR E AR R 5 TR

400
350
300

o 250
m 200
150
100

50

0 gmnsinansnSnSmnanansngins
'Dl:mxNF‘—\D:V";\‘TOOF’;E"'\-(‘I\D—V‘.O‘TO
— ] ] 07 00 T T T WO AD D oo On

A TRl/s
(b) V=10m/s Bt 5 & M =08 B
(b) Ceiling temperature when V=10m/s
450
400 ¢
350t
o 300F
& 250
% 200)
150 F
100}
S0}
O cmriowevroxercxgTas
O I RAEORTRAREERER 8RR
IR /s
(d) EIR T MRBE

(d) Temperature of T in different scenarios

B 5 U=0m/s MEE#HTIENREERETRIEHEELE
Fig. 5 Ceiling temperature curves with different scenarios and the peak values with different fire scenarios when U=0m/s

HH B 5(a) , (b) | (c) T WL, #5000 A 3 B2 35 DAKRE — B 20 F 1R
SelEi T E, R E RN REREZBTRE, X T
V=10m/s M V=15m/s BRI, WS THE )R 29T 4R T 125
1 9s, KOWH I 1~2s 5 TR THE . 350 R il 8 25 T ok R
a8 BRE B RURF SRR . 5, T HRR AR i LA
T RS,

L F BRI A E Y 100m &b HETH Y 75 00 8 B Sy 6 8 ok U8
Tl I TH R T R I () S R ) R e R AR, ELLG R T
10T HG At A0 o VR B W TE g, An &1 5(d) 2 V=15m/s B, T,
WA L AR P4 29 100°C, X2 i1 1 R kO IRt i iz
Bl A AR s S Bl AR E T TR s ROR A R
Fo4r, IS8 I T R B (ELER T 0 A A, 45 40 SE 8 o H Al
WS RS R SR W (E Y BRI R — K o KRB 10m &b 1
Tk 32 A AU 3 5 B 0 T B b oh S U TR BRI
BEARI G
3.22 BERXIE U=+2.7m/s Bt

WE 6(a). (b)) ()IIa, £ KW AAMET & SR Bk

KPR BT B, HAS S 24 U=0m/s B} 77 504
DU A5 0 T 25 B S0/ N TR 1 L AR I 2 P i/ s

B 6(b) . (e)nl %, kIR IE b J7 (MRS A 11 100m 4b)
K H R J7 10m Ab (FE B A D 110m &b ) 5 75 A1 Ty 5 ¥ 5
T& 2 W AE 5 WA FEAG, A TR T . = m TR R
AR AU [ % T T 05 1) 3 B TR kRS Bl ad B e kRl
FALE AW AGE B 2 SOR & BB B R e, ZE X
USAE T W 5T 75 88 SR I L A BE IRUIRE A 1] T, 22 i K U5
i Bl R T AR B B LR AR KU DL T AT R T TR 2R AR
N AL B A IR 20 A2 S A L I R 0 e A 2
PR TR . Y IR R R — B IR S R AR Y
TR AR B 4R XUTE 3E 1L, I 6 THUM S 330 4 FH I 1) g 3 194 iy
HE ML AR R TR A T s AR 4 R B X I S i LA
Je WA TR B AT T B AIR

1 6(d) Al UL, xF b V=10m/s 5 V=15m/s Bl <k, i T
10m/s t 15m/s B9 A1 132 3h i 72 i 25 Sm sh /D, 16 2E
LA HE 55 7 AR B A ) I R ) R S O

41



] jcmik

#,

3R it XX (Papers)

S 2013,31(11)

SCIEACE & TECHNOLOGY REVIER

‘-.rc'-mcx:'r" CIND = oW T O N oo Cl e D
el T FasrTiah i VS VaRrp Rt=pr=] o -3 g =

il s
(a) V=0m/s Bt N & N =B E

(a) Ceiling temperature when V=0m/s

200 —
180
160

) 140
“ 120
oo f
= g
60

40

20 |-

0

‘.,.C,..‘-.raor-'“oocq

Lt L bl = Rl W O = O e oD
N(‘If'\tﬁ".f"‘fmlf’)\-«\c[“*l"‘*hwwoo

Il /s

(c)V45mEHHNﬁ§¢ R E
(c) Ceiling temperature when V=15m/s

200
180
160
140

O 120

100

‘-;r\\-r%f'\oot\lﬁr‘-lt‘- \C«—— -V\O*‘:rd\—rbc
Clelemen =t =N L O ~~r~ccoo o on

ff /s
(b) V=10m/s BTN & iR E

(b) Ceiling temperature when V=10nv/s

—0m/s
— [0m/s
—15m/s

"r:l\:rc,\‘-.r’\—ﬂ:h

crxmoorwmmacr";cmoo
(e b llip L Up i =Rt =] ol anl= o= o= =)

I ) /s
(d) EIR T, WRERE

(d) Temperature of T in different scenarios

B 6 U=+27m/s HEBEE#HMENREERSETREERE
Fig. 6 Ceiling temperature curves with different scenarios and the peak values with different fire scenarios when U=+2.7m/s

AE R AF AR BT LURD R T B 5 AR T8 K -
15m/s J(‘{L?E‘H&iﬁz%’%ﬁ 100m LE‘J%EE@E,%U?Z&E%MYM
FEHLEL /N, BT LA B S SN 43 T JE KR A T % 48
3.2.3 [FiE N KE U=—2.7m/s Ft

W 7 (a)  (b)  (c) BN, % KIRAAE T 2% Il 2 BA

160
140
120
100
;E' 80
60
40
20 =

e filss
(a) V=0m/s BT & M =R E

(a) Ceiling temperature when V=0m/s

160
140
120
= 100
2= 80
60

40

20

0 R e L e e e b e A
Seredeir=ai

9.6

ot i S — g S
— CIEIEN AT T A D D
i ]/

(c) V=15m/s B} HTH & MR BE
(c) Ceiling temperature when V=15m/s

KO BIH T B R befa i g HE IO g 45 00 o5 10] 7L B 22 4 0
U BA /. V=10m/s A1 V=15m/s B, FasE KJE T 77 10m
Ab To D0 B SR BN S TR B TR S, R&B TR,
HFN 5 3.2.2 AL A AL

160 -
140}
. 120+
= 100}
;;ié_ g0t
so}
40 F
20

ncmorumc S S S S
el Lot s rwocnﬂwwmc\o

it /s
(b) V=10m/s Ff#t 70 &l R

(b) Ceiling temperature when V=10m/s
160 -
140
120
& 100
g 80
60

40

20

V‘OV‘OHQMH '—\Q'—\Cﬁ\oﬁc
Sl i en TF F i 0 OB e P 5058

Bl s

(d) TR Tl RiBE
(d) Temperature of Tsin different scenarios

B7 U=—27m/s I EHMEN S RERE T RIEERE
Fig. 7 Ceiling temperature curves with different scenarios and peak values with different fire scenarios when U=-2.7m/s

42



] jcmik

## S 2013,31(11)

#5218 XX (Papers)

M & 7 (d)BIAT, V=15m/s BF, T I B F Bt , HL AR
SESRBE B BEAE A A . Je ) A0 W Rl XUAR A, U=—2.Tm/s BT
B 8 N 170 45 T AL R 2 (L o T 398 i /0N U A S R
SRR 15m/s 4 A P S R A 24 T B8 T ok TR JE LY RO
BE R B KRS 2 5 3 XU 6 A2 B0 7 A R B A T B K g T
PN T SE O N5, AR R 7 A I AR B KU FE RO &
LA, kR e BB Ja 45 AR B AR T RAIRK O,
324 MEREXETRETRBESFHENE

FERE B N AR XGEEE U 53008 0,427 F1-2.7m/s BT,
A KR S5 P T B TS v I R I R W {43 0 AR R A
350°C . 160°CHN 140°CKF-, 156 BH % 38 P 38 UGS % 38 9 & AR K

v

SCIESCE & TECHROLOGY REVIER

JE T I B 5 M B 3 KU E TR RE BRI Y G A5 BRI
PR BRI £

3 X A [ I, IR E RS iﬁﬂ'ﬁk?ﬁiﬁ]fi
fia) B L 3 [0 i B ) 48 T 7L 2 (IR 20 20°C, X J2: Tl AL Y
KR AZ B A R, AH 2 TR0 T ok U R BB %) AU T A T
AR O DT AN ) A B A IR BB T DA B AR
3.3 BHNBEMNESSGERIINZN

T 38 AU W) R LT 43 B KU RS Bh kg A SR
M, YEHY U=0m/s, 42353 5124 0,10 F1 15m/s B, 3 F ok K
N AR 100m kbR GE B BE 10s BFAG AR S5 A b AT 058,
nE 8 fis,

Om/s e I Ask% 1 0s

10m/s & I E 1 5 1 kR10s

0 20.0 40.0 60.0 80.0

100.0 120.0 140.0 160.0

BN RS /m

B8 U=0m/s if 3 7 A7 100m 4 Fa AR 10s R HIES S %
Fig. 8 Smoke distribution for three-typed fire sources at 100m after 10s stable fire combustion when U=0m/s

B N JC RS, B8 3l KU AE A7 R 3 AR Hhofs R
R B EI R 25 ], B 8 Hh A% T 0L KIRAE 100m Ak F&sE
BABE 10s IR AL M Sy BOR A, R R0 A v AR B A 2k
R By 17 D Xk A S R R4 5 ) L A Bl 5 T, B T
SF UK B A T 38 AVATS R B T R R S Y 2
Wi PR ZR o 7 ARk 1 T AR rhole B xsk A [R] Ay s X2 A 06 3% 2l U
TR B S BEAT VR 20 23 T

4 g

T KR Bl 12 R FDS, A S A g i R ) A
SEAE AT LA AN TR [ AR KA T, 20MW A Bl 3 5
1R 35 K AL Bl 42 72 % 38 b R RBE AT LA 10 15m/s 1 3 3R G2 3
1 KR gy 5 o 35 RS ) il E AR 3 47 0 DL R R b e e
Jei W B i 4R TOU A 1) 3R B 03 A AV S35 28 Ak TE A KR 3 Bk
BETHRAMTELR,

(1) KURHEABEE R, iy Tz 35 0 i 3 #1528
Wit 2 B ibs T AT e 1 TR S i 1R 1 RO ORIV S AR
%?EW,E@@%W@N@%%?EAE@FJHﬂ‘iﬁ*%ﬁfﬁi[ﬁﬁ%T
TR I 1) R R 1) YR AT 7 390 v B, O R TR AU T R B
B 77 1), fff R ok 9 it AR AR ?%EMEAO

(2) 243 X )y 1) 5 ok Gz 35 AR ) I R sh Ak
25 G RORHE B R Be (R0 T 5 P RS Bl U Y HE TI0R B
WA o 0 R A% 3 UL 5 TT 2438 KU T 5 oK TR I 3y 1) AH S
W, kU Az B 3 AR Y i I A ZE AN R i I i RE BRI N

SR, AT PRSHRS B U B 14t T R A LI T4 RS B U

(3) Kkgeam B AR R 78 JCUAR E MR B I, B i 3 AR 20
Xof B THUE 1] 2% s ek JBE 52 0 5O i K 5 ) S sl 0 0 < B B
S T AR X 38 XU 75 5

8 % 3k (References)

[1] Beard A N. Fire safety in tunnels[]J]. Fire Safety Journal, 2009, 44 (2):
276-278.

[2] HEwE e, E A, RO, 5. 2 BRI K ISR EOR BT 5 X 5T )]
[ 4 Rk 2447, 2007, 17(5): 110-116.
Kang Xiaolong, Wang Wei, Zhao Yaohua, et al. China Safety Science
Journal, 2007, 17(5): 110-116.

[3] 5 RS, B2 B 3E SR T B KRBT S J5 ¥k 4 BT [J]. BHEC AT 541,
2009(1): 79-82.
Wei Liangyi, Liang Ping. Science and Technology Innovation Herald,
2009(1):79-82.

[4] BB, BRI KU AE
ARK2, 2006.
Hu Longhua. Studies on thermal physics of smoke movement in tunnel

fires|D]. Hefei: University of Science and Technology of China, 2006.

JE ) AR PERT SE D). B P E R

[5] Kim E, Woycheese J P, Dembsey N A. Fire dynamics simulator (Version
4.0) simulation for tunnel fire scenarios with forced, transient,
longitudinal ventilation flows[J]. Fire Technology, 2008(44): 137-166.

[6] Abanto J, Reggio M, Barrero D, et al. Prediction of fire and smoke
propagation in an underwater tunnel [J]. Tunnelling and Underground
Space Technology, 2006, 22(1): 90-95.

[7] Vauquelin O, Megret O. Smoke extraction experiments in case of fire in a

43 Im



] jcmik

3R it XX (Papers)

S 2013,31(11)

SCIEACE & TECHNOLOGY REVIER

tunnel[]]. Fire Safety Journal, 2002, 37(5): 525-533.
(8] W AR, FWIAE, JEA5. 2% BRI J 9 o K DX 30 280 L R i ik 56 4
FE[]. DU SRFZEBFSE, 2009, 35(2): 258-261.
Guo Chun, Wang Mingnian, Zhou Renqiang. Sichuan Building Science,
2009, 35(2): 258-261.
[O1 skt v, T leh, 248, S5, 2 1ma) IXU S 0T i S PR 0RO T B 11 552 56
e, hEZ 4 R R, 2010, 16(1): 17-20.
Zhang Jingyan, Wang Wandi, Peng Wei, et al. Journal of Safety Science
and Technology, 2010, 16(1): 17-20.
[10] 5 K S, 2 % B G 9 AR R 52 58 ) CFD BEAULIE5E (D). )M : A8 1
TR A, 2010.
Wei Liangyi. Model experimental and CFD simulation research on road
tunnel fire[D]. Guangzhou: South China University of Technology, 2010.
[11] L5k, # 9k, WIREHe, 5. RS 50 KT 11 Ab 3153 X B i Xf FDS A
LR W SE )], 424 5 Fg 24, 2008, 8(4): 131-135.
Zhu Shi, Huo Ran, Hu Longhua, et al. Journal of Safety and
Environment, 2008,8(4):131-135.
[12] Ingason H. Design fire curves for tunnels[J]. Fire Safety Journal, 2009,
44(2): 259-265.

[13] McGrattan K, Hamins A. Numerical simulation of the howard street
tunnel fire[J]. Fire Technology, 2006, 42(4): 273-281.

[14] #h3CHE. TREIAR 24 [M). K% TR AL, 2002.

Sun Wence. Engineering fluid dynamic[M]. Dalian: Dalian University of
Technology Press, 2002.

[15] Darrigol O. Between Hydrodynamies and elastieity theory: The first five
births of the navier-stokes equation [J]. Arehive for History of Exaet
Seienees, 2002, 56(2): 95-150.

[16] = Wi, 4 2 s BE I K 9 W = AR A FE (D], R g 22
K, 2004: 50-51.

Wang Wandi. Three dimensional numerical simulation study on fire
ventilation in long highway tunnel [D]. Chengdu: Southwest Jiaotong
University, 2004: 50-51.

[17] T3], R, S, S5 B 50 70 28 KT 5 B0 IR, e =2
5 L, 2010, 31(1): 9-14.

Yu Lianguang, Wu Xiping, Peng Bo, et al. Refrigeration Air
Conditioning & Electric Power Machinery, 2010, 31(1): 9-14.
(it RRW,HK)

FARTHA 214

W AR o TR R Bl — g8 2 H R B i)

ARH#RZ TEELARNRK, S ERER, ERBRHR, PENZEADS  FEKOIZREARSK AR PERN=
A AR A B TR, B B B AR 2 ARAR 2GR AR R Z EH AR o

HRYPHREZEETFRNTE4HZ— O EMARBREE . MRARREER L AEARKN, REHFEZLFEERM, AL
¥ FEERUH; Q NAEMARBREE. FRAREB M ABSMRMAGR, EEFRAVEN BEERIR;Q HAFF
RBEH A RPHEE: NERAT L BN~ RZNEREFILEE A, FMEERELFNH; @ FEMREREE:
NFRFH U EHR KU EAREEERN A ERRERNERE L ENE.

ABMREEERE FHEN E RS8BT 30 7%, ARAFEF(FEARAMEZELCE) RBXEZREZML. BFHFMET, I
LR 45 FUTHEERNETEE FESERNEXREENEERERNFBELRXREE AR PR THEE R REBRE

Z1E.

FE R XEFLRER BRER BRB. LREBERIINLRE BT XHEE.

BREN.BUE, &K, XE
Bi%.010-62103166, 62103126
B8 7R 56 : kxsxch@cast.org.cn

Hik: 100081 LR TEBEX F R NE AL 16 5 PEMNERA MR 710 58 “HRE BT HAE

B http://www.cspbooks.com. cn/chubanzizhu/index. htm

44



