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Oscillatory Behavior of Flame Spread on n-Butanol Fuel in a Tube
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Abstract: In recent years, oil pipeline accidents have occurred frequently, causing large economic losses,

casualties and environmental pollution. Previous work has mainly studied spilling fires and pool fires caused by oil
leaks in open space, but less research has been conducted involving flame spread on liquid surface inside long-
narrow confined space (i.e., underground culverts and sewer pipes). In this paper, a self-designed highly trans-
parent quartz glass pipe is used to simulate long-narrow confined space. The behavior of flame spread over n-
butanol is investigated by controlling the sealing ratio of the tube. The result shows that the flame spread behavior
in confined space is significantly different from that in open space. For flame spread in a 100 cm-long and 10 cm-
inner diameter tube, there are three regimes: pulsating flame spread, flame shuttle spread, and incomplete
flame spread. As the sealing ratio is beyond 63%, the incomplete flame spread occurs. The longitudinal flame zone
is separated during the flame propagation, and there is no continuous burning area in the middle of the tube. The

flame separation position decreases as the sealing ratio increases.
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Fig.3 Flame sequence diagram
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Fig.4 Variation of flame separation position

22 NELEEE

S A R R R A B B AN K SR AR o AR A T X
He, BUE N 30 ~ 70 cm A7, BUKIATES A AR LR35,
5cm B A LT IO IR (6] F S 2 1 A TR DT,
Bl 5 AT, 78 KIAZER B B, K& S R T
10 cm/s, J& T MIFa ] K s 2B 1™ i) 4 A ply TR
BHNRAC TN, KEIEHRFEZ R 3 em/s, SIS
() k& S B 20T, JA T VRO 48 TR AR K e il T
AN 6 R, B Y SRRl B 2 —IK
B AR BTG S e IR E O a e, B
EREE T A v 1AL, T AR F 51k, BRBer~EmT
P SR B ey HLAE 2o AR SR, D AE M Wtk A
FIEMESRS TEZESEAR, R Y Em bR T ik
EibaE L, IE T AR 2 iR e B R AR S Y e LY

100 o ) I G
o —o— JIAGFMR
. 80 B=14%
8
‘13‘:9( 60
o
g 40 m .
| K Sy [
X AR e
0 ARG e B =
30 40 50 60 70
AT AL B/ em
Bs5 NERFEEIL
Fig.5 Comparison of spilling fire rate
70 + SR A SE
60 +
@)
@ 50t
o=
E 40t
=
30
20 {
0 30 60 90 120 150
1) /s

Eo HMERELN

Fig.6 Variation of oil surface temperature

— 578 —

B At B LIAE 30 om Ab i Kk S R A F)
100 cm/s.
23 SEREZH

K7 Jon T8 N AR AR — S vk B2 A2 4k
JETERZ RS, A L, (BB AT L)
ZAEAR R PRI S BB 5 000
107, TEAILF B ARBRIAFL S B E 62 000x107°.

70 000 6 000

. —o— ALK ;
L 60000t o gy 15000 &
& 50000 {4000 &
R 40000} K
=S 13000 &
= 30000 §
E 42000 %
2 20000 =
7 10000t 71000

0 = 0

80 100 120 140
i} 7] /s
7 ZSmA—SLmRERIHTL
Fig.7 Variation in carbon dioxide and carbon monoxide
concentrations

Bl 8 R T ARG EE AL L, b
MG HTEESE , 7EA R EIE ARG T, h T E R T
PRACSZBRZS 6], MG i) BT &2 48, T FEAE AR, T
S 1 AW A IE I AU N TR AR R, 2L
VR R EERRAIG, SRR BE AR T B 0k g5
KRB I A KA, X — e RS BRSO B T Rt
JRRTF RIS eV R B K e R
AR BETE — BET B N HERFTE 129% Zif, $RIE R
IR TR, R AT 48—

v % $ 1
il E@iwwﬂw/vww
6r —v— B=5% —v- B=37%
3L
0

FARBUREU%

—v— B=14%—v— f=50%
B=25%—v— B=63%

0 10 20 30 40 50 60 70
15[ /s

B8 AEHERBFERTESERIBETNL
Fig.8 Oxygen concentration vs time under different
sealing ratios

3 & it
Pl sz RS Al — B A AR T, h TS a9
B P O i 25 IR RIS, KIS R A

AR ANEESE , H K ATE B AR 2 R A KM 2
. KHE AP SR e o =, F ] DX dsk T A R B A



RS B NIE TR OB T

MR FERA

R e e ta e ik be , B —Fh i 22 AR S R bet T
. X 100em . MR 10em A4S IE, ThZ R
10 mm B LU 4518

(1) B A T8 N A KB B AT Oy 5 Tl s [B) ok &
REAFAE 525 57, A58 IS H B SR A8 R e X3,
BRI, B P IO oA B R 1
WA I ARk B , B TE R Ay A SRR Bk R e
12% 244

(2) KEFERTFE KIS, KIS B
B BRI IR, BHER KT 63% B, KIETG
T B ) — i

(3) iR T ZBRas1a], fiE BHE RN ] gE
B K, BAEKIGEERING:, KGRI K
£ J TS ARTE I B

S k-

(1] Aif 5. WS T O A 1 % 2 ThT A% BVRR PR BE 5
[D]. FHE: HEFFERRR, 2015.

Li Manhou. Flame Spread over Liquid Fuels and Heat
Transfer Characters of Subsurface Convection Flow[D].
Hefei: University of Science and Technology of China,
2015 (in Chinese) .

(2] EEH. AAE 2R AT SRR (D], SIE:
hEBEEEAKE, 2010
Li Changhai. Experimental Study on Pool Fire Behaviors
in Closed Compartment on Ship[D]. Hefei: University
of Science and Technology of China, 2010 (in Chinese) .

[3] Sirignano W A, Glassman 1. Flame spreading above
liquid fuels : Surface-tension-driven flows[J]. Combus-
tion Science and Technology, 1970, 1(4): 307-312.

[4] Ross H D. Ignition of and flame spread over laboratory-
scale pools of pure liquid fuels[J]. Progress in Energy
and Combustion Science, 1994, 20(1): 17-63.

[5] Glassman I, Hansel ] G. Some thoughts and experiments
on liquid fuel flame spreading, steady burning and
ignitability in quiescent atmospheres[J]. Fire Research
Abstracts and Reviews, 1968, 10: 217-234.

[6] WangC, HuHW, Zhang H, et al. Experimental study
of the horizontal subsurface flow trajectory and dynamic
external radiation of flame spread over diesel[J].
Energy, 2022, 260: 125078.

[7] Xu B,

mechanisms and characteristics for pulsating and uniform

Wen J X. Computational analysis of the

flame spread over liquid fuel at subflash temperatures
[J]. Combustion and Flame, 2022, 238: 111933.
[8] Xie W, Zhang Y C, LiJ K, et al. Experimental study

9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

on characteristics of flame spread over diesel and n-
butanol pool fires in tunnel[J].
Underground Space Technology, 2018, 79: 286-292.

Bailey J L, Williams F W, Tatem P A. Methanol Pan

Fires in an Enclosed Space: Effect of Pressure and

Tunnelling and

Oxygen Concentration[R]. The United States: Naval
Research Laboratory, 1993.

Tatem P A, Williams F W, Ndubizu C C, et al
Influence of complete enclosure on liquid pool fires[J].
Combustion Science and Technology, 1986, 45(3/4) :
185-198.

Shi J-K, Zuo C, Xiong Y-Y, et al. Experimental study
of different sealing ratios on the self-extinction of tunnel
fires[J]. Tunnelling and Underground Space Technol-
ogy, 2021, 112: 103894.

Li H H, Liu J H, Ge J W. Phenomenological
characteristics of continuous spill fires in a tunnel with
longitudinal Safety  and
Environmental Protection, 2020, 138: 108-116.

Li H H, LiuJ Q, LiulJ H, et al. Spread and burning

characteristics of continuous spill fires in a tunnel[J].

ventilation[J].  Process

Tunnelling and Underground Space Technology, 2021,
109: 103754.

Ingason H, Li Y Z. Spilled liquid fires in tunnels[J].
Fire Safety Journal, 2017, 91: 399-406.
Zamashchikov V V, Korzhavin A A, Chinnov E A.
Combustion of liquid fuel in the flat micro- and
minichannels [J]. International Journal of Heat and Mass
Transfer, 2016, 102: 470-478.

Zamashchikov V V. Flame spread across shallow pools in
tube [J].
Combustion Science and Technology, 2008, 181(1):
176-189.

ARIENE. S K SR B R KO S R PR 5E (D]
FIE: PEBEARAKRSE, 2018.

Lin Shenghui. Studies on Flame Spread Characteristics of
Diesel and Diesel Blends[D]. Hefei: University of
Science and Technology of China, 2018 (in Chinese) .

Li M H, Li R R, Wang C C. Characteristics of flame

velocity and burning rate of large-scale continuous

modulated opposed air flow in narrow

leakage spilling fire of n-butanol fuel[J]. Fuel, 2023,
332: 126148.

#H OB IE T RS AR R Z PR T (D]
BB RDGET R, 2014,

Dong Fan. Study on Laminar-Premixed Combustion
Characteristics of Butanol Blended Fuels[D]. Wuhan:
Wuhan University of Technology, 2014 (in Chinese).

— 579 —



