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Abstract

0il basin fires are commonly used in the study of ship cabin fires, and the formation of liquid oil
basin often contains various shapes of blunt body structures due to the large amount of equipment
in the cabin, which will greatly affect the heat transfer and flow characteristics of oil basin flames.
In this paper, the flame combustion characteristics of a circular pool containing different shapes
(rectangular, triangular, circular and square) of obtuse structures were experimentally studied
using n-heptane as the ignition source. By analyzing the fuel mass loss rate and flame geometry,
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the results of the study showed that the obtuse body significantly changed the combustion beha-
vior of the pool fire. Blunt bodies prolonged fuel mass depletion and square blunt body resulted in
a rapid decrease in mass loss rate. Although the lifting-declining cycle oscillation behavior of the
pool fire was observed for different obtuse bodies, the oscillation frequency was nonlinearly va-
ried in a cubic manner with the equivalent diameter of the obtuse body.
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Figure 1. Overall layout of the experiment
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Table 1. Experimental operating conditions
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Figure 2. Variation curve of fuel quality over time
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Figure 3. Mass loss rate curve

E 3. REHRKRREHL

3.2. KIEJLAIRTS

T MATLAB HI3C7 UG A B D RE DL KA 2 oy HEREAT KOG BB B3R &) 4 Fros 9 IE BEke i
T KA SRR B KRS B (LA B AR T 0L TR 0L Ot ) o 4 00T HI K0, A2 R B 2
HILTIRI K IE T, S5 Tl TR AR . TR B, KBTS A NN BB, AT SR
BRI AL WL — R BRI . ARE MRS, KGRI R SRR G IR A W A A A4
I EIRAE T DN AR (IO 12 R S MU R A R TR ) AT B L 2 IRTS A AR B o K B T
W B, KOG KA X RS SRR T 2 Rl A6 44— BUii ), W HERT HON 2GR . MR ok

DOI: 10.12677/JSST.2022.101006 45 AR


https://doi.org/10.12677/JSST.2022.101006

kT &%

&, KIEETT 2 RIUONHEIL, AT P OGRS BT HEER AR . KT G LUREL, K
JEING BT V2R, KIGRAECEREN R AR . ERBR AL, thEAE 7 B35
MR e TR, BT R B AR, S AREEE it AR I N B R U, PIE A
FEMRIIZER, IR B 22 B R S B, i e AR D™ A 2RI W TS . 28R BT 3 —
SERFEIS, A2 TERURERIRE R, AR DAL A T kke, AT AR T i AR IX OB AR . k]
K, el 280 DT A B SR TR H 30 R ORI 283 T b JE A (VR T BT ) 215 KA 6 W
AT BIRBETTIRGE, T B L2 KA 5 ORHATT 2 18] T AT AT R [13], KA A7 AE A 2R TRIX
R B i IS, AT SO A b A o BB L e BE AN T i, b ) B T A T 0,
MANEE 5 2 AR AR, BT A BE RN (3 . A2V BERAN AR T, BRSNS [ K e
FEREAR, AT 1 it A SRR S B % 3 B . IR ARV XNV BE NI RS (R4, 3 T
KIGIESAE SRB B - BRAR - Thesn s IVEAR A o it SR AE RUBRBY BUBRRE T 22, KIBEE o
PO, BE A RIS AR L, . SRR IE PR R BT A, HA AR, B
e S KA T8 LI

Figure 4. Transient diagram of flame state of oil pool without blunt body and with rectangular blunt body. (a) Periodic
change of ignition stage (ignition stage without blunt body); (b) Periodic change of ignition stage (ignition stage of rectan-
gular blunt body condition)
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Figure 5. Flame state at steady boiling. (a) Stable boiling state under rectangular blunt body condition; (b) Stable boiling
state without blunt body
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Figure 6. Flame state at decay stage. (a) Weak state in rectangular blunt body condition; (b) Weak state without blunt body
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Figure 7. Spectrum curve of flame periodic oscillation under different working conditions
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Figure 8. Periodic oscillation frequency versus equivalent diameter of blunt body

E 8. AR HFLEERTUXR

4. &g

ARSI SRHHETT T AR B 1E B G it K MG AT A IIRE R, AR SR AR AL . R K AE TR A A
JEREAT T X EL i, BEAR R AT

1) AFESEE T O IEPERE i K BTRBETT 23 0 3 ANBBL: VBRI B B8 58 Wb BRI BOM L 555 BL,
B 5 B AR A 7 0 A B 2 B B AR (A A AR AR AR G R s

2) KIGTEASHE SR BT B IR I T - FRAR - THm i I EAR AL, e B MR GE r BLRE WL 22 21 1]
KGR B LR, A KSR LB eH . KHE e B IO

3) AR K IR G IR AR, KIEIRG IR S A B H AR =R 2 IR S R AR .

DOI: 10.12677/JSST.2022.101006 49 AR


https://doi.org/10.12677/JSST.2022.101006

kT &%

SE K

(1]

(9]
[10]

[11]

[12]
[13]

[14]

[13]

g AR XX A ARG 2 K MR R S BE FE (D) (A2 A2 18 3. iR /R
https://doi.org/10.27060/d.cnki.ghbcu.2019.000560

SRR, BT, By, BRI HUROE RO LATALAR A IRz i SC BT 7T ()], A AR, 2018, 47(6): 5-9.
Amado, A.F. (2000) Propagation of Fire Generated Smoke in Shipboard Spaces with Geometric Interferences. Naval
Postgraduate School, Monterey.

Fay Terry, S., Mack Erin, C., ef al. (2003) Amphibious Assault Ship Hangar Bay Smoke Removal Tests Conducted
Onboard the U.S.S. Saipan (LHA-2) and U.S.S. Peleliu (LHA-5). Naval Air Warfare Center Weapons, China Lake.

Zhang, B.S., Zhang, J.Q., Wang, X.M., Lu, S.X, Li, C.H. and Chen, R.Y. (2016) Effects of Air Inlet Configuration on
Forced-Ventilation Enclosure Fires on a Naval Ship. Fire Technology, 52, 547-562.
https://doi.org/10.1007/s10694-015-0473-2

W, ez, ZHE, RAE. AE S IR AR ET]. I TR SRR, 2013, 25(3): 61-65.
AN, X, T, KoR%E, 2R JET Helbing AR AL SARHLAR KR N 53R A LA R[], YLI5F}
FORZE AR (EARFRR), 2012, 26(4): 322-326.

Kim, W.-0. (2013) A Numerical Study on the Effects of the Smoke Exhaustion on Safe Evacuation in Emergency Sit-
uations during Fires on Ships. Journal of Navigation and Port Research, 37, 85-89.
https://doi.org/10.5394/KINPR.2013.37.1.85

RESR . N RO it K AEFRAS AR E R R T 8 [D): [ 2560 3C]. A H ERERR K2, 2010.
Chen, B., Lu, S.X., Li, C.H., Kang, Q.S. and Lecoustre, V. (2011) Initial Fuel Temperature Effects on Burning Rate of
Pool Fire. Journal of Hazardous Materials, 188, 369-374. https://doi.org/10.1016/j.jhazmat.2011.01.122

Kang, Q.S., Lu, S.X. and Chen, B. (2010) Experimental Study on Burning Rate of Small Scale Heptane Pool Fires.
Chinese Science Bulletin, 55, 973-979. https://doi.org/10.1007/s11434-009-0741-y

Holman, J.P. (2002) Heat Transfer. Ninth Edition, McGraw-Hill, New York.

Bouhafid, A., Vantelon, J., Joulain, P., et al. (1989) On the Flame Structure at the Base of a Pool Fire. Symposium (In-
ternational) on Combustion, 22, 1291-1298. https://doi.org/10.1016/S0082-0784(89)80140-7

XEFE. DS m B T i KR BAT AT FE[D]: [ L2608 3], A8 hERBFEEHAR KRS, 2021.
https://doi.org/10.27517/d.cnki.gzkju.2021.000326

Pan, K.L., Li, C.C., Juan, W.C,, et al. (2009) Low-Frequency Oscillation of a Non-Premixed 125 Flame on a Bluff-Body

Bumber. Combustion Science and Technology, 181, 1217-1230.
https://doi.org/10.1080/00102200903074311

Gl

R LRE K2, 2019.

DOI: 10.12677/JSST.2022.101006 50 AR


https://doi.org/10.12677/JSST.2022.101006
https://doi.org/10.27060/d.cnki.ghbcu.2019.000560
https://doi.org/10.1007/s10694-015-0473-2
https://doi.org/10.5394/KINPR.2013.37.1.85
https://doi.org/10.1016/j.jhazmat.2011.01.122
https://doi.org/10.1007/s11434-009-0741-y
https://doi.org/10.1016/S0082-0784(89)80140-7
https://doi.org/10.27517/d.cnki.gzkju.2021.000326
https://doi.org/10.1080/00102200903074311

	不同钝体对正庚烷油池火燃烧行为的影响研究
	摘  要
	关键词
	Effect of Different Blunt Bodies on Combustion Behavior of N-Heptane Pool Fires
	Abstract
	Keywords
	1. 引言
	2. 实验方案
	3. 结果与分析
	3.1. 燃油质量和燃料损失率
	3.2. 火焰几何形态
	3.3. 羽流中心线温度
	3.4. 火焰振荡频率

	4. 结论
	参考文献

