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Fig. 1 Schematic diagram for segregated solving equations
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Table 1 Initial components

(IR GE: Wi BT 43 EL JEE IR 534 JEE IR W B/ (mol » em ™)
CH, 0.01 0.018 2 7.45X10°7
C, Hg 0.01 0.009 7 3.98 X107
Cs Hs 0.01 0.006 6 2.71 X107
C,Hy, 0.01 0.005 0 2.05X1077
n-C; Hys 0.01 0.002 9 1.19X1077
1-Cg Hyg 0.01 0.002 6 1.04X10°7
0O, 0. 21 0.192 1 7.85X107°
N, 0.73 0.763 0 3.12X10°°
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Fig. 2 Selected positions in experimental bench Fig. 3 Critical temperature of the hot wall surface

when thermal ignition occurs
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Table 2 Basic parameters of the thermal ignition process at 6 time points

I R] t/ms n T /K Pox/Pa e/ (me s v, n/(me s /%

No.1  100.09 10 000 452,12 10 484.3 4.93 4.76 280. 551
No.2  413.06 63 000 581.78 92 218. 8 66. 89 52. 59 2 435,931
No.3  413.53 64 800 844.91 127 912.0 109. 51 55. 40 2 812.672
No.4  413.53 80 000 872. 86 144 851.9 100. 20 42. 66 2 266. 638
No.5  413.53 100 000 914. 99 179 834.6 99.01 40. 38 2 195.186
No.6  414.06 587 200 1271. 99 381 857.6 306. 55 142. 44 14 418.030
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Fig. 4 Simulated temperature-field diagrams of gasoline-air thermal ignition

P 4 Ca) it 7S FROGS G A5 R R 5 U5 o IIRAVRE | 2 3R B 3 5 B AR MR AR 3l A T L [T I 2k 5 TR 4
(b) ik B 37 W SR A2 B T 3 8N s ) LT RAT JIr 28 4k, 1] — D0 L 3k [ 52 56 1 m] A Ak 25 SR 58 4 — 3
Kl 4Ce) ~ (o) Wn IR IL T 2 Bk 0] 58 A G K B 4 kR B R B, TR 7R 1 it 3 3 72 Al i
R A2 b 27 S L B0 AR Gk R (A5 A  m) b FR  A 5K 5 T 4 (D R B 8T8 LT IR G BE K
e, ) WA 5K L 55w B E 2B
3.1.2 RAGEEWHBRERE

K5 g 7 A s i TR B AR At £ . AR 5 R

(DR BEAFAE S AR LG A TG K R A s R T 4 1R B 5 3 0l Sy iRk B 52 in 4 BE R 22 18 S Ak il R 52
M) £ ik B2 2208 B Tt AR L DA R IR KR AR i T RS BR T i R

(O FEMWR LGN bk BB B 7 A 25 1] 9 T B2 B A 22 90 5 23 [R) R DG b, 2 Ta) 0T 0 799 A0 1) 318 22
FEA — 2 X 5

O FEMWREE G218 A BB B A2 WA B 52 L 7 A SR IR BE AR E T

(4) ITEL 5 (o) AT LA % 3 S48 R R I () AR L B A7 AE 2 /0N 14 1 B8 98 788 By B, 150 W R 0K v A7 e 3R
L MER I, HO R R T ZE R A SR

(5) Z U5 W, SR it A 5 AN X PR e




544 Hi 1 5 ik i %5 38 &
1 300f (@ 12501 (b) #
1200F —=—Point 1 ] 1150} o —wPointl
1000} —e—Point 2 9 _f ¢ o Point2
Point 3 1050 F .
v  900f 0¥nt. A L fo-oq Point 3
T 800} —v—Point4 o 950f ™ £ v Point4
. - = L ~ p . =~
g 7oof  Poins ! T
g 600} Point 6 i g L r'ﬂr Point 6
£ 500  Point? i § 750f rﬂv L Point 7
& L
400p - [J:{‘ ¥ 650 :
300f ./Frr;//'tkﬁr** v N
200}F (ﬁw‘""'j 550 :
0 0.1 0.2 0.3 0.4 4000.413 5 04137 0.4139 0.414 1
Solution time/s Solution time/s
[#l 5 7 A28 [a) i 0 il B AR Ak i 42
Fig. 5 Temperature curves of 7 spatial points
3.2 EAH

3.2.1 R EAEA
Ve i B 7 R RE B 6 A I T AL 1 52 BR 2 18] B9 s 0 SRR, 8T 6 s . I 6 Cad Hh L B IR 2
TABE LI, i ) T UG A8 AVBE B 7 b, e 45 52 BR 2 18] (9 UM 4% 52 BR 2 18] (8 AR T O 1y O Al i 8l . DA
K 6(h) (O TF iR GE KR T R S ELIT B % . B4 R 2R RIE A 1 2R
AU X G SRR A RIEAR 2 &L 6(d) i, S ) S A o 4 e A TR AR . TR 6
Ce) R CEY B 25 (B 2 7 7 00 A B 8 5 150 1Y it PR 9K 6 it B2 9 3 O PN 1% 355 b i e 2 290 . RS
BABE K I T2 B AR PORE Y b b AR B e TR 0 38 A T R ] SRR A 2 N A UM I Bl Y R ZUR 5 I T
R 23 8] o T DA B9 T g 9 A w8 o UL RS S fe s T AT 3 S 2R
(a) (b) (c)

(d

B 6 M KL

Fig. 6 Pressure contours of thermal ignition
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Fig. 7 Pressure variation curves at 7 spatial points
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Fig. 8 Mass faction curve at the first spatial point
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Fig. 10 Mass faction curves of OH at different positions
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Fig. 18 Turbulent velocity of the flame at occurrence stage
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Numerical simulation of gasoline-air thermal ignition
induced by continuous hot wall

WU Songlin', DU Yang®*, OU Yihong®?, ZHANG Peili*, LIANG Jianjun®
(1. Department of Fundamental Studies, Army Logistical University ,
Chongqing 401311, China;

2. Department of Petroleum Supply Engineering » Army Logistical University ,
Chongqing 401311, China)

Abstract: In order to simulate the thermal ignition process of gasoline-air in continuous hot wall, the
chemical kinetic model, hydrodynamic model and radiation heat transfer model were coupled to estab-
lish a unified model of gasoline-airthermal ignition. According to the working condition of the experi-
ment, the occurrence process of gasoline-air thermal ignition was simulated under the conditions of
high temperature induced by continuous hot wall in confined space. Flow field evolution characteris-
tics of the temperature and the pressure were analyzed. The variation curves of temperature, pres-
sure, flow velocity, turbulent velocity and group concentration were obtained at different positions.
By simulation, it is found that there are three stages in the process of gasoline-air thermal ignition,
namely, the initial heating stage, the heating intermediate stage and the thermal ignition stage. The
main reason for the existence of different stages is that the leading roles of chemical reaction and flow
are different.

Keywords: gasoline-air; unified model; thermal ignition; continuous hot wall; chemical kinetic; hy-
drodynamic; radiation heat transfer

(Bl ®REx=)



