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Experimental study on smoke temperature distribution characteristics
in corridors of crew cabins

ZHAO Zhigiang, CHEN Xiao', LU Shouxiang, KANG Ning, ZHANG Yi, WANG Jinbo
State Key Laboratory of Fire Science, University of Science and Technology of China, Hefei 230027, China

Abstract: [ Objective ] When a fire occurs in the multi-storey dwelling section of a ship, the temperature dis-
tribution pattern during the spread of smoke along corridors and ladder openings is significantly different from
that of a building fire. Therefore, it is necessary to fully understand the characteristics of fire smoke in crew
cabins. [ Methods ] An experimental study on the temperature distribution characteristics of fire smoke in
single and multi-storey corridors is carried out in a 1:5 scaled down ship model by changing the size of the
heptane oil pool and the states of ladder openings. [ Results ] In the case of a single-storey spread of fire
smoke, the vertical temperature distribution in the corridor shows an obvious thermal stratification phenomen-
on with a height of over 0.4 m. In the case of a multi-storey spread, the vertical temperature gradient in the cor-
ridors is lowered and the thermal stratification height is reduced to 0.2 m or less; the vertical thermal stratifica-
tion height within the corridors is reduced at corners and turnouts; the smoke temperature continues to de-
crease during horizontal spreading; and the temperature distribution satisfies the exponential decay law.
[ Conclusions | The thermal stratification height in a multi-storey corridor is significantly reduced compared
with a single-storey spread of fire smoke, and the temperature attenuation coefficient & in the horizontal spread
process increases as the size of the fire source increases. The results of this study can provide theoretical sup-
port for the fire risk assessment and fire protection design of ships.
Key words: ship fire; crew cabins; smoke flow; temperature distribution
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3 & it

AR SCHE TR = R AR AR 4 OB AL, JF R T
JZ i85 J2 e BEE JBR 1) K KM R B S g, R T T
A P2 00522 A R DX R L o A A LA



126

O M

My BF 5%

518 4

Hm N R, FEART 458

1) A 4G A2 AR BEE JBE 4 168 1) il JEE o0 A B A
WO JRIR, PP ERETE 0.4 m DLE (SR
TN 2.0 m); TEESEME B, 1R T S i A P R
9 15 fi) 3l JBE 4 ) o A, P 2 R R R 02 m
AR (PR RS 0 1.0m) .

2) A KM T A TR 8 S 1y i A o 3R Y
O3 AT 32 B2 KV U Sl B R A R, SRR TOURMY A 7K
-l JBE 73 A 1 L RO IR, TR R DR AR
ke Bt 2 RO B R

3) 5 EERET AL, KRN 2L B2
H L B AR A I A0 J2 v B e A BT IR, T2 5
ol 28 B8 ke BBl

5% k-

(11 ESRE, sRIER, MR, TIEFF CBE K 9 S5 #4

TR A TR RS (0], B WY BIF 5E, 2021, 16(3):
74-85, 111.
WANG J H, ZHANG X D, CHEN K Y. Study on
thermo-mechanical coupling method of ship cabin with
ceiling vent under fire condition[J]. Chinese Journal of
Ship Research, 2021, 16(3): 74-85, 111 (in Chinese).

[2]  BESPA, BRoE, RBerh. AR 24 TSI [7].
o EARALEESE, 2017, 12(5): 1-12
LUS X, CHEN X, WU X W. Research status of war-
ship fire safety engineering[J]. Chinese Journal of Ship
Research, 2017, 12(5): 1-12 (in Chinese).

[31 MCCAFFREY B J, QUINTIERE J G, HARKLEROAD
M F. Estimating room temperatures and the likelihood
of flashover using fire test data correlations[J]. Fire
Technology, 1981, 17(2): 98-119.

[4] XINGZ L, MAO J F, HUANG Y L, et al. Scaled ex-
perimental study on maximum smoke temperature along
corridors subject to room fires[J]. Sustainability, 2015,
7(8): 11190-11212.

[51 HUL H, HUO R, LI Y Z, et al. Full-scale burning tests
on studying smoke temperature and velocity along a
corridor[J]. Tunnelling and Underground Space Techno-
logy, 2005, 20(3): 223-229.

[6] HU L H, HUO R, WANG H B, et al. Experimental
studies on fire-induced buoyant smoke temperature dis-
tribution along tunnel ceiling[J]. Building and Environ-
ment, 2007, 42(11): 3905-3915.

[71 LIL M, CHENG X D, WANG X G, et al. Temperat-
ure distribution of fire-induced flow along tunnels under
natural ventilation[J]. Journal of Fire Sciences, 2012,
30(2): 122-137.

[8] MENGN, WANG Q, LIU Z X, et al. Smoke flow tem-
perature beneath tunnel ceiling for train fire at subway

station: reduced-scale experiments and correlations[J].

(%]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Applied Thermal Engineering, 2017, 115: 995-1003.
ZHAO Y C, ZHU G Q, GAO Y J. Experimental study
on smoke temperature distribution under different power
conditions in utility tunnel[J]. Case Studies in Thermal
Engineering, 2018, 12: 69-76.

JIJ, TAN T T, GAO Z H, et al. Numerical investiga-
tion on the influence of length—width ratio of fire source
on the smoke movement and temperature distribution in
tunnel fires[J]. Fire Technology, 2019, 55(3): 963-979.
OKA Y, OKA H, IMAZEKI O. Ceiling-jet thickness
and vertical distribution along flat-ceilinged horizontal
tunnel with natural ventilation[J]. Tunnelling and under-
ground space technology, 2016, 53: 68-77.

OKA Y, OKA H. Velocity and temperature attenuation
of a ceiling-jet along a horizontal tunnel with a flat ceiling
and natural ventilation[J]. Tunnelling and Underground
Space Technology, 2016, 56: 79-89.

EPSTEIN M. Buoyancy-driven exchange flow through
small openings in horizontal partitions[J]. Journal of Heat
Transfer, 1988, 110(4a): 885-893.

ZHANGJ Q, LU S X, LI C H, et al. Fire-induced tem-
perature correlations in ceiling vented compartments[J].
Fire Technology, 2015, 51(2): 369-379.

[ ESCRES INIINE V-2 S SIVE A5 ikt D @
SOEFSHFIERTSE [C/m o A TR S — A i 42
2R 2 BOE W —R R AL 3 & P E s
SHE VL TRAYELAZ R 22, 2014: 183-192,
HU Y Q, WU Z G, ZHOU X D, et al. Study of fire
smoke migration characteristics on typical multi-story
building structure[C]//Proceedings of the 20th National
Academic Conference on Engineering Thermophysics in
Higher Education: Thermal Fluid Mechanics Album.
Qingdao, 2014: 183—192 (in Chinese).

B Ae, I HEAE, XVBRR, 45, 22 2% A % N I
s BRI (). P EREE B TR
FHERLEE, 2005, 35(5): 490-502

ZHONGM H, LI P D, LIU T M, et al. Model simula-
tion study on smoke spread of multi-layer and multi room
building fire[J]. Science in China Series E Engineering
& Materials Science, 2005, 35(5): 490-502 (in Chinese).
ST LA SR X Sl K TR R SRR P S P T
¢ [D]. AL EBEHAR K, 2016.

ZHANG B S. Smoke transportation characteristics and
control strategy of fires in typical zones on ships[D].
Hefei: University of Science and Technology of China,
2016 (in Chinese).

i, A, BREL. HURISE R I R kIR R T I A
ERIUATE ST [7]. v [ 22 4t = Rl 2f AR, 2015, 11(10):
33-37.

TANG J, SHI B M, CHEN K. Numerical simulation of
fire smoke flow in typical structure of building corridor

[J]. Journal of Safety Science and Technology, 2015,


http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.01903
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.01903
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.01903
http://www.ship-research.com/cn/article/doi/10.3969/j.issn.1673-3185.2017.05.001
http://www.ship-research.com/cn/article/doi/10.3969/j.issn.1673-3185.2017.05.001
http://www.ship-research.com/cn/article/doi/10.3969/j.issn.1673-3185.2017.05.001
http://dx.doi.org/10.1007/BF02479583
http://dx.doi.org/10.1007/BF02479583
http://dx.doi.org/10.3390/su70811190
http://dx.doi.org/10.1016/j.tust.2004.08.007
http://dx.doi.org/10.1016/j.tust.2004.08.007
http://dx.doi.org/10.1016/j.tust.2004.08.007
http://dx.doi.org/10.1016/j.buildenv.2006.10.052
http://dx.doi.org/10.1016/j.buildenv.2006.10.052
http://dx.doi.org/10.1016/j.buildenv.2006.10.052
http://dx.doi.org/10.1177/0734904111428896
http://dx.doi.org/10.1016/j.applthermaleng.2017.01.027
http://dx.doi.org/10.1016/j.csite.2018.03.002
http://dx.doi.org/10.1016/j.csite.2018.03.002
http://dx.doi.org/10.1007/s10694-018-00814-4
http://dx.doi.org/10.1016/j.tust.2015.12.019
http://dx.doi.org/10.1016/j.tust.2015.12.019
http://dx.doi.org/10.1016/j.tust.2015.12.019
http://dx.doi.org/10.1016/j.tust.2016.03.001
http://dx.doi.org/10.1016/j.tust.2016.03.001
http://dx.doi.org/10.1115/1.3250589
http://dx.doi.org/10.1115/1.3250589
http://dx.doi.org/10.1007/s10694-014-0386-5
http://dx.doi.org/10.11731/j.issn.1673-193x.2015.10.006
http://dx.doi.org/10.11731/j.issn.1673-193x.2015.10.006

%61

A0 o A A TG DX AR L B A R S 56 B

127

[19]

[20]

’\HOH\O\HO\HO\HO\HO\HOH\O\HO\HO\HO\HOH\'\HO\HO\HO\HO\H'\HO\HO\HO\HO\I\O\HO\HO\HO\HO\I\O\HO\HOH\O\HO\HO\HO\HO\H‘

11(10): 33-37 (in Chinese).

KWEON O S, KANG H, KIM H Y. Experimental study
on the spread characteristics of initial fires according to
corridor types[J]. Journal of the Korean Society of Hazard
Mitigation, 2021, 21(4): 49-59.

SRR, BT, PR, SR WUk 47K 250 1E BB K
¢ A PR B[00, 9 B B 5 EE R, 2021, 40(5):
696-700.

WANGJ D, HE Y H, TAO B. Inhibition effect of wa-
ter mist with single and double nozzles on n-heptane
pool fire[J]. Fire Science and Technology, 2021, 40(5):

10.3969/.issn.1673-3185.2013.05.016

10.3969/j.issn.1673-3185.2011.02.018

34-38. doi: 10.3969/.issn.1673-3185.2010.01.008

(21]

[22]

(5] 55, A VL. P 75 Bl K U I PR Kk 3R B T By 28 4 g S5 A D). o AR AR B 9, 2013,
8(2): 105-110. doi: 10.3969/j.issn.1673-3185.2013.02.019
(6] & Bk . K i AL Y 9 55 B a2 R B 5 ik [0, b UL F 5, 2011, 6(2): 84-87. doi:

(7] BRI Bt , sk OGHE, X . T B AR 2 A A CIRBEALL B T Bl Bk ST 9 [9]. TR A F 5, 2010, 5(1):

696-700 (in Chinese).

FRSE. RS AN /K 25 55 5 ek Ko K KA BRI
¢ [D]. )73 A E R /727 BE, 2020.

LYU Z H. Study on flow field characteristics and fire
suppression effectiveness of water mist in aircraft cargo
compartment[D]. Guanghan: Civil Aviation Flight Uni-
versity of China, 2016 (in Chinese).

HE Y P, FERNANDO A, LUO M C. Determination of
interface height from measured parameter profile in en-
closure fire experiment[J]. Fire Safety Journal, 1998,
31(1): 19-38.

I 211 21 2IIR IR TR AR AR AIIR SIS SIS SIS SHIR SHIR 2IIR SV AIR AR IR IR SIS SIS SR IR IR SR QIR AIR IR 2TIR SIS VIR SIIR U IR QIR AR AIIR IR 2TIR SIS VIR <HIR HIE S1IR IR AR AIR AIIR 2TIR IR <R SIIR 2R IR QIR QIR AR IR STR 1R ol OH\‘
*E E\ E \’% j

(1] BRI, skttt &y, hilse, 28 8, By 7. K- JF A FR 25 (8] 3t K AR AR P 0 B (90 o [ A ARt
%, 2019, 14(5): 106—111. doi: 10.19693/j.issn.1673-3185.01503

(2] B84 7K, AR &, XUMAAAZ , BRANAS . AUARCHE K I b XU 35 5060 188 BT AR 2 IR U 1 52
Wi [J]. AR AR A9, 2019, 14(5): 112—118. doi: 10.19693/j.issn.1673-3185.01542

[3] & 152k, T %, B TTar. AiuK 55 30 A 2 1802 KR B R [J]. o E AR AT 5T, 2016, 11(5):
120-127. doi: 10.3969/j.issn.1673-3185.2016.05.018

(4] Wkt 3, 255, — R A AR 25 K TR S FF Al AR AY (0], v AR 5T, 2013, 8(5): 91-96. doi:

IS SIS SNESNIE SIS SNE SR SNESTIE SIS SIS SR SNE SR SIS SR S SNE SR SIS SR SR SIS SR SIS S SIE SIS TR SIS SR SR SIS TR SR Sl

1R STR IR IR IR IIRAR AR AR AR TR TR IR AR ARSI AR AR AR ATIR TR IR IR ARSI R AR TR AR AR TR 2RISR AR AR TR TR AR TR AR AR AR AR AR TR IR TR AT AR IR 4 HQ\HOH\0\\\0\\\0\\\0\\\‘


http://dx.doi.org/10.9798/KOSHAM.2021.21.4.49
http://dx.doi.org/10.9798/KOSHAM.2021.21.4.49
http://dx.doi.org/10.3969/j.issn.1009-0029.2021.05.021
http://dx.doi.org/10.3969/j.issn.1009-0029.2021.05.021
http://dx.doi.org/10.1016/S0379-7112(97)00064-7

	0 引　言
	1 实验方案
	2 实验结果与分析
	2.1 火灾发展过程
	2.2 火灾烟气温度分布特性
	2.2.1 走廊竖向温度分布
	2.2.2 梯口处温度分布
	2.2.3 走廊处温度衰减规律

	2.3 油盘尺寸对烟气温度分布的影响
	2.3.1 走廊竖向热分层高度
	2.3.2 走廊温度衰减系数


	3 结    论
	参考文献

