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Field-zone coupling model of fire smoke propagation in ship cabin

WANG Jin-hui, JIAO Yu, XU Tao, CHEN Wei-jiong
(School of Ocean Science and Engineering, Shanghai Maritime University, Shanghai 201306, China)

Abstract: Aiming at the fire smoke propagation in large ship cabin, the limitations of field model
FDS and zone model CFAST were analyzed. Based on the principles of energy transmission,
component transformation and pressure balance, the field-zone coupling model of smoke
propagation in ship cabin was developed, and the small scale experiment platform with
4 temperature measuring points of ship cabin fire was set up to verify the effectiveness of the
established coupling model. The simulations of fire smoke propagation in ship cabin were carried
out by field model, zone model and field-zone coupling model respectively, and the simulation
results of temperature and smoke layer height were compared. Analysis result shows the
temperatures of 4 measuring points increase with the increase of time, the measuring point near
fire has higher temperature at the same time. With the increase of distance from fire, the
temperature of measuring point falls, and the slight fluctuations of the temperatures at
4 measuring points appear due to smoke turbulent flow. When fire burning reaches steady state,
the change regular of smoke layer height can be simulated by using the models, and the

simulation result by using field-zone coupling model is better than the simulation results by using
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field model and zone model. The calculation time for field-zone coupling model is about 54 % less

than the calculation time for field model. The simulation result by using field-zone coupling model

is consist with the test result, so the field-zone coupling model has better engineering value.

1 tab, 25 figs, 28 refs.

Key words: ship engineering; ship cabin; fire smoke; field-zone coupling model; scale test

Author resume: WANG Jin-hui (1981-), male, lecturer, PhD, +86-21-38282517, wangjh (@ shmtu.

edu. cn.

—_

0 51 &

TE L2 5 BRI 25 A 1t 5 [ B 52 5 o i i 10
90 2% ¢ i _E AR IR ke 72 B T KR 24 T A A 18 I
M BB H 2 MR B A P i —
SEHESI S R A KR R K . BEE & UK
JE o i3z Ml B A B i K I 51 A 4 9 X
DR S8 o 2 DRI P A O B it 98 2 4l 5 1 A
PR BETH B AP AR B K 2 A BT R — A B
U U B R R I K R R AR AT T . A
AR ICIRAE R PR A A T A L R R AR R
B T o I A B O B B T B A
A K I R S SR KR S A TR A DK
A2 308 3 i T AR 2 ) A R SR A L P
PR AR Ak B A TE BN L S — b AR A
Ty 32 BR 2 6] K TR B9F 58 M AR = K O LY
il 5 AR 5 KIS S R S S0 A KA A
R 25 ) 445 K HEL A 1 4 AR KR =R A i 7 A LA
TR 2R R BRI AR I M a2 Bl AT BE AL Y
T T T RS 9 AR BT A A B 2 A
HAEREZLY,

X IR MR S R P A BRI ik
A 3 B R [X S8k S R, Wang %5 R FH 40 T H
FDS B F XS 5 ML AG I r H < e LA B AT 1
W s Ahmed R F TR XA B %) 31— il 5 Ok K
PEAT T MR AR AR DL B (B 7 [ I 3 3 R
T K Yy DX A RO I B — S Y R BR A
Wang 45 X &40 B DX I B8 70 7 A 2k 9 1 3
PEREAT T XF FEBRIE . 45 T 2 PRI SRy BR- A T )
PSRRI 3 IR P 761 25 0 Y B2 B (E
A AR BRI B3 CURAR A AR 555 <A B R
P2 S (17 0 0 2 KR B AR 5K BE AR 93 5 i
(] T DX S8 280 ) Jog R DU i e DA A5 A T R ol T
A Y B S 85 Shi 5 43 R B FDS AR A
CFAST # 3 BOEE B EAT T K FBEABE T
EAT B A 3 S S R 5 DX SR A TR ) R Y L TG 7

B A T A5 0 A DG 205 5 A R o DA i 200A L O
THT B £ B

[ Py 1o 5 X - R A BB R P T s Ay
A WS . Burton %573 1) 5% il SMARTFIRE 4k
PEA CFAST BPF A2 1 55- DR BB 36 A [ 2k
K AT TR A o0 B 4 R R WA R E
S A A R R AT D 56 00 1 AR BORE L A 48001
PRSI 5 ik Ak A O R TR S KR - X A
BRI TS L 1S T T AR 5B I TR ) -
DX 5 A5 TR T LA A8 e e A DL BT R v A A s
2 Yao 4R HI I MR | XS8R 2 ) K 3 1)
FRTIRT ST T K IS M s B LA SR A
bR = 4 ] i 46 Navier-Stokes J7 fXF # K b7
(] A 54 0 402 Sl BE AT AT 5 A B A X s 2
= A SRR 5 SR 2 5 SN A9 KR Moz Bl id 7
PEATRCE 70 M7 - JF K B 400 45 2R 15 0 38 K dls 2R 47 X0
PEH s Hua 45 457 T #B A KR BEAL B0 T 0 A
Z R R NI L 1% L OF X 0 A e e AT T
BrE s AR A A5 4R L T B T AR DX R DL F Y
PR K 9 A A0 B B 1 R AE TR L6 T
LR I HAR B I8 P 25 5 Jiao S5 45 1 T A 08 T8 K
FARGEF- 5 - 48 T ATAD IR - XS A B DL R A
B VB FDS #F Al CEAST B4R 43 BIE Jy i
PR B T2 S = R A RS
R %4 A0 BRI T RO A M 5 30 R A%
110 R T

AR K9 e R R I R R R AT . K
GEARAT 23 (6] 254 5 BE T A PR RE S A A B AL
DRI S S D A AR K 3 IX 45 G R R B 5 O %
JEMAIAR BE L I SR GRS SRR
T ER X A I T L 1T A A0 25 1) 45 4 R Ak A
BE TR RIS T R S 400 5 DX SR AU 25 ke o . T
T Z A S B [ i S R R A A
G BT X A A I - DXOR T AT A B
B IE . A< SCHE T R 4215 5 20 0 B 0 R g -
JE PR T - X S B L L T R 5 A RGE



%2 M

A F AR EKRRBAE LN XABEHT 61

ERUELE S ANERPABUR L I RS ERUR O S S O
P AR AR 2 KRR I T SEREAT T S AR AU X AR
5~ DR A A48 7 il EE AR R i A 4D 4%
RBEAT TR O3 BT o 5 T8 AR RO 1 B LU e & K
K F AR 5 . 20 M TR A Y 9 A Rk
I FERAR I 7 A R R R I s s A
HEAR LR

1 F-RB\BERUEAR

1.1 iHiEs

Yy 48 Wi RS S B0 A5 (8 sl 28 43 A o O IE A
TR I L TR T BT AR S R A3 R 43 A I K e e
(] (4 A8 A R A o X g A% 78 30 A7 00 ASE 40, 200 ot ST AR
£ Wi Qe B R e 0 o K e N B = |
5 AR R AT R ALy R R B O R A A B
iRt

TE A6 R0 op R0 5 DX R 43l 1 22 4 o Ak B
TCE D A~G Rl B, #H R0 2Z 8] 58 23 1
FU T s AT R AL T RN AL AE 4 4 1 384 W LA
15BN LS R A I 5 5 A% i A B A 0 T 2 3 A
K B vy o 3 T ARk TR TP Y A K s TR) A e
WU 5 18] o 55 AR 0 1T 53 B ] A s R A H e g
I 17X 4 A AR A A0 P 4 R S Bl A T S R AL S AR
SEANKAF A LB . SR (550 FRARME SR S
BT it s it B A& B H LML EAT UK A . BAT. RT3
BT AR Kk 9 8l 3 2% 53 B i 3R %2 o
JYZ Wk FDS 4,

zZ A

A D
C K
B
el e
o F > X
Bl ik

Fig. 1 Control body

1.2 Xig#Es

X B A S B x4 |) B R AR M A 1Bk
TN AR IR IR N KX B 2 2
FEABMRZE . TR ER)Z WE 2. #Z2N
1R ) B 2 AR R L A R A 2 S 3 A O3 A L il
F 1SR R) A O HLAE LB BT A T 4R T RE 44
WA SR R T 2 2 U AR A ik
U5 5 5 T R ] G 958 2 K AR K DA B 25 L

ER——

T Wi

KIF

B2 XIS
Fig. 2 Zone model

Y. B AT N B ST B TR I SR A R
CFAST #4},
1.3 H-XBEEE

X F AR K9 0 HZ IR AR K 9 H IR R E
3 ARV E 2 M A R R A X 2 AR
SiaRk, o RS AN AR B E T
FERA K G Hh MR Sz Bl i BUE AN 7 i B 37 - X
MR, RS- X HE A B R L g T U B 1Y I
ST BE K — BB TR B I DX 38 3 A
HEAT 43T+ B B KU B 3 1) DX S P DX A A A
Sr AT B AR R TR TR AORE B EEOR, R T A
P ]

- IX G B AL 1 G B BOR ATE T H i BT
Yy PSR R G 3 A 0 A P S PR O 3 R
T bR BE L BB 4L o 1Y A R AS e o AR
W b B RY A 303 5 v i o 25 PO R S B0E 5 B
B ARG 36 S5 A PR S A B X IR R op ]
T DR 25 5L 0 o B 1k, DT S B - KR G A R 1Y
AL,

1.3.1 #AZAR5H4

Y- DX AR A 50 0 3y 5T AR 52 4 A0 6 6 Ik B AR
SR 2 ATy R R ) B B XA R
SRR T LS 3k X 3L AR SR A S Sl K i

(DX A, FROE TR DX IR 78 i o 65 7Y
1T U SN S8 T B AE e o TS A 5 B B T
S THT Y AR ST o B T RO AR T T AR
T X U IR B Oy

Q. = c,o(T—T,)) (D
P Q. R BGR (KW 5 ¢, Ry i IR 58 TR %
(k] « (kg « KO ' Jio il BRI R (m’ « s ')
o IR (kg « m™°); T Syl B AR #4 ) 24 1R
JEE (KD 5 T Sy i1 FUTH AR 46 #4243 1 (KO

(IR IAAS R . W KO AE 2 — A IR G 1Y
HhC o AR R VR AR R B (I 3) i) 00 A T A



62 X i B

I £ ¥ W 2015 %

(i $A it Sy

_ XwmAHeS
4nl?

o Qu AR FE (KW 5 X A 4 B 4R850 %

v R A OB A L B S B () sy SR AR BT A

ARSI R AR (g« s )5S W H T (m®) s AH Hy

B (k] « g 1),

Qr (2)

3 TR e o A
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Fig. 21 Four temperature curves at measuring point 4
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