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Numerical simulation of pulsating aviation fuel flame spread

CHEN Guoqing, ZHOU Jiebo, WANG Changjian, .U Shouxiang

(State Key Laboratory of Fire Science , University of Science and Technology of China , Hefei 230027, China)

Abstract; A model was set up to describe the flame spreading oscillation on an aviation fuel oil pool. The
chemical kinetic parameter was deduced by simulation, and, based on the measurement of flame
temperature, the average reaction rates of flammable mixture were calculated and taken as a criterion for
ignition. The large eddy simulation and mixture fraction model were applied to calculate the oscillations of
aviation fuel flame spreading, and the pulsating of flame spread was divided into the development step and
the fading step. The result indicated that there are mainly two combustion modes: diffusion and premix.
The model for prediction of flame pulsating frequency was also established.
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Fig. 2 Aviation fuel flame front evolution "’
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Fig. 4 Aviation fuel surface evaporation rate distribution
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Fig. 7 Temperature profile at 0. 003 m above liquid surface
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Fig. 8 Flame pulsate frequence profile

DA 45 2R 15 1 Rl 5 e 8 T I 5 JA R 2
SRR KO T T 7 PR 28 RO B 8 B =
P T BR80T 48 R, S UK K
Tkl AL 7 v 2K C6) D B AR UL 5 A ik
SRR B AR RE 00 il 22 AL R B L5 5 2R 18 9
A M. n] RUA ORI AR T N U k3l
WAREE ((Ty—To /T B IE K #2454
BHTR = T IN A RS BREE T, I K
e IFH I ST T A I KA ik Sl A R
T,

—
(=



% 10 AT E B iy KN F 28 Bk 5 it A2 ALAE AT R 1035
0.75 1. OZ(TO —T. >0- o8 Combusti('m, 1973, 14(1): 1 075-1 083. '
T. [ 2 ] Takahashi K, Tto A, Kudo Y, et al. Scaling and
f 16 C<<T, <66 C instability analyses on flame spread over liquids[]].
0

—4.56+2. 24—

T, —T(.)

B
—

c

T,
66 °C<<T,<<73°C

. BB R v
16 ‘C<Ty<66 C E KIARKEINERIUE /
301 _ 66 o<rers CRIBESTEDS |

0.5 L

0 05 1.0 15 20 25 3.0 35 40

(TO_TC)/TC

B9 NIGEKSHINENEG
Fig. 9 Flame pulsate frequence profile

3 it

T Mieas KR KR Ry fie KA 7 S 48
KF Ci=0.077T kgem * « s 1.

CID e o re ok 3h i B2 w223 2% e B
BOFER M B INBR IO R 28 1 B 35 KA S TR
T3 o S WK X S} 2 i AR R IR o7

(I F2 A I T 2 AT I BB TR A B
PIFPBRAE T 3K, INR X A ke Ty =R TR AR .

CIV ) 38 32 % e Ik 20 91 22 BE AR 1R 728 A6 1Y)
ARG, HEST T T 2 T K SE Jik 3 A5 5 T I A5
ARG R RBHNRAR T I8 U, ik 345 52
BE T6™ 8IE B R = 1IN AU
Wk Wikl T, S0F h3g

22 X Hf (References)

[ 1] Akita K. Some problems of flame spread along a liquid
surface[ J .

Symposium (International) on

Proceedings of the Combustion Institute, 2005, 30(2) ;
2 271-2 2717.

[ 3 ] Miller F J, Ross HD, Schiller DN. Temperature field
during flame spread over alcohol pools: Measurements
and modeling [ R]. Washington, D C: National
Aeronautics and Space Administration, 1994.

[ 4 ] Tto A, Narumi A, Konishi T, et al. The measurement
of transient two-dimensional profiles of velocity and
fuel concentration over liquids[J]. Journal of Heat
Transfer,1999, 121 413-419.

[ 5] Schiller D N, ROSS H D, Sirignano W A.
Computational analysis of flame spread across alcohol
pools[ J]. Combustion Science and Technology, 1996,
118.203-255.

[ 6] Cai], LiuF, Sirignano W A. Three-dimensional flame
propagation above liquid fuel pools[J]. Combustion
science and technology,2002,174.5-34.

[ 7 ] Takahashi K, Kodaira Y, Kudo Y, et al. Effect of
oxygen on flame spread over liquids[ J]. Proceedings of
the Combustion Institute, 2007, 31: 2 625-2 631.

[ 8] Degroote E, Garcia Ybarra P L. Flame propagation
over liquid alcohols[ J]. Journal of Thermal Analysis
and Calorimetry, 2005,80:541-548.

[ 9 ] Konishi T, Ito A, Kudou Y, et al. The role of a
flame-induced liquid surface wave on pulsating flame
spread[ ] ]. Proceedings of the Combustion Institute,
2002, 29. 267-272.

[10] FA &b, WRIE PR, 2= 5544 , 45 s LT s A R 1 43 A
[J]. B4R, 2010.55(2) : 199-204.

[11] Nakamura Y, Yamashita H, Takeno T, et al. Effects
of gravity and ambient oxygen on a gas-phase ignition
over a heat solid fuel[J]. Combustion and Flame,
2000,120.34-48.

[12] Vogel F, Smith K A, Tester ] W, et al. Engineering
kinetics for hydrothermal oxidation of hazardous
organic substances [ J ]. AIChE Journal, 2002, 48.
1 827-1 839.



