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£1 CH;-0,-N, 47 T E TR MHIE

Table 1 47-steps element reaction mechanism for CH,-0,-N, (kJ-mole-s unit systems)

Element reaction Agi Bii Egq Element reaction Agi Bii Eg
20+M==0;, + MLl 1.20X107  —1.00 0. 00 OH+CH2 O==HCO+H:20 3.43 X109 1.18 —1.87
O0+HO, ==0H+0; 2.00X 1013 0.00 0. 00 OH+Cz Hy ==CyH3 +Hz0 3.60X106 2.00 10. 45
O+CH;==H+CH:20 8.43X1013 0. 00 0.00 OH+CysHg ==C2H5 +H20 3.54 X106 2.12 3.64
O+CH; ==0H+CH; 1. 02X 109 1.50 35. 90 HO; +CH; ==0; +CH, 1.00X 1012 0. 00 0.00
O+ CH2z O==0OH-+HCO 3.90X 1013 0.00 14. 80 HO2 +CH3 ==0OH+CH30 2.00X1013 0. 00 0.00
O+C2Hsg ==0OH+C2Hs 8.98 X107 1.92 23.80 CH2 + 02 =0OH+HCO 1.32X1013 0.00 6.27
02 +CH2 O==HO; +HCO 1.00X 1014 0.00 167. 20 CH: +CH3z==H+C2H, 4.00X1013 0.00 0.00
H+ 02 ==0+0H 8.30X 1013 0.00 60. 20 CH; +CH;, ==2CHj; 2.46X106 2.00 34.57
2H+M==Hj + M2 1.00X1018  —1.00 0.00 CH2(S) +02==H+OH+CO 2.80X 1013 0. 00 0. 00
H+OH+M==H: O+ M) 2.20x1022 2.00 0. 00 CH2(S)+02==CO+H20 1.20X 1013 0. 00 0. 00
H+HO2 ==02+ H2 2.80X1013 0. 00 4. 46 CH3 +02==0+CH30 2.67X1013 0. 00 120. 38
H+HO; ==20H 1.34X 1014 0. 00 2.65 CH3 + 02 ==0H+CH20 3.60X 1010 0.00 37.37
H-+CH3z (+M)==CHy (+M)4 1.27X1016  —0.63 1. 60 CH3 +H2 O ==HO, +CH;4 2. 45X 104 2.47 21.65
H+CHy ==CHj3s + H> 6.60X108 1.62 45.30 2CH3 (+M)—=——=C2Hg (+M)62  2,12X 1016 —0.97 2.59
H+HCO==H:+CO 7.34X1013 0. 00 0.00 2CH; ==H+C2 Hs 4,99X1012 0.10 44. 31
H+CH2 O(+M) ==CH3O(+M)J 5 40x10!! 0.45 10. 87 CH3; +HCO==CH, +CO 2.64X1013 0. 00 0. 00
H+CH; O==HCO-+ Hz 2.30X 1010 1.05 13.69 CHj; +CH2 O==HCO+ CHy4 3.32X103 2.81 24.49
H+C2Hg ==C2Hs + H> 1.15X108 1.90 31.47 CH3 +C2Hy ==C2H3 +CHgy 2.27X10% 2.00 38.46
OH+H; ==H+H:0 2.16 X108 1.51 14. 34 CHj3 +C2Hg ==C2 Hs +CHy 6.14X106 1.74 43.68
OH+HO2; =02 +H:20 2.90X 1013 0.00 —2.09 HCO+H20=H+CO+H:0 2.24X101  —1.00 71.06
OH+CH3z==CH2+H20 5.60x107 1.60 22.65 HCO+M=—=H+CO+ M 1.87X1017  —1.00 71.06
OH+CH3==CH2(S)+H20 2.50x101!3 0. 00 0.00 HCO+ 02 ==HO:+CO 7.60X1012 0. 00 1.67
OH-+CH; ==CH3;+H20 1.00X108 1. 60 13.04 CH30+02==HO2+CH20 4,28 X10713 7,60 14.75

OH+CO==H+CO 4,76 X107 1.22 0.29

Note: (13 Hz/2.40/H20/15.40/CHy/2.00/CO/1.75/C0O2/3.60/C2Hg /3. 00/ Ar/0. 83
23 H2/0.00/H20/0.00/CHg4/2.00/CO2/0.00/C2Hg /3. 00/ Ar/0. 63
31 H2/0.73/H20/3.65/CHy/2.00/C2 Hs /3. 00/ Ar/0. 38
(47 LOW/ 2. 477X10%% ,—4.760,2440. 00/ , TROE/0. 7830,74. 00,2 941. 00,6 964. 00/ Hz / 2. 00/ H2 O/6. 00/ CH4 / 2. 00/ CO/ 1. 50/ COz2 / 2. 00/ C2 Hg /3. 00/ Ar/ 0. 70
51 LOW/2.200X10% ,—4. 800,5 560. 00/, TROE/0. 758 0,94. 00,1 555. 00,4 200. 00/ Hz /2. 00/ H2 O/6. 00/ CHy /2. 00/ CO/1. 50/ COz2 /2. 00/ C2 Hs /3. 00
£63 LOW/1.770X10% ,—9. 670,6 220. 00/ , TROE/ 0. 532 5,151. 00,1 038, 00,4 970. 00/ Hz / 2. 00/ H2 O/ 6. 00/ CHy / 2. 00/ CO/ 1. 50/ COz / 2. 00/ C2 Hs / 3. 00/ Ar/ 0. 70
£73 H2/2.00/H20/0.00/CHy/2.00/CO/1.50/COz/2.00/Cz Hg /3. 00
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Table 2 The initial computation parameters

R Initial mole fraction Equivalence ratio  Initial temperature Initial mole pressure of
ase
of premixed gas Lo} of core/(K) premixed gas/(Pa)
1 nN, *Fnen, Pno, =0,0:1:%2 1 1200 30397.5
2 nn, *nen, o, =0.5:1¢%2 1 1200 30397.5
3 nn, *nen, fno, =1,0:81%2 1 1200 30397.5
4 nn, *onen, fno, =0.5:1:2 1 1400 30397.5
5 nn, *onen, fno, =0.5:1%2 1 1600 30397.5
6 nx, Fncn, Fno, =0.5:1%2 1 1800 30397. 5
7 nx, Fonen, Fno, =0.5:1%2 1 2000 30397. 5
| . .
300 435 570 705 840 975 1110 1200 t=0 ms
[ ]
[ o |
300 605 910 1215 1520 1824 2120 2333 4260 ms
[ =W ]
| = |
300 733 1167 1 600 2033 2467 2 900 3189 481 ms
[& ]
[ . .
300 734 1169 1603 2038 2472 2 907 3197 1=8.9 ms
A ] o
[ S |
300 742 1184 1627 2 069 2511 2053 3248 =9.7 ms
g ]
[ & . |
300 760 1219 1679 2139 259 3058 3365 12109 ms
[\ ———r 55 ]
[ S |
300 791 1281 1772 2262 2753 3243 3570 1219.0 ms
[ — > o ol 3 ]
316 312 1308 1 804 2 300 2 796 3 292 3623 4—14.1 ms
R S ) < 4 ]

B2 CH,-0,-N, TE4 A RRBE A0k KE i At

Fig. 2 The combustion and explosion process
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Fig. 3 Pressure and temperature curves (t=13. 7 ms) Fig. 4 The turbulence kinetic energy versus time
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Fig. 5 The variation of ignition delay time Fig. 6 The influence of the initial core temperature

with the core temperature on the deflagration tracking lines
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Fig. 7 The influence of the initial component of mixture  Fig.8 The influence of the initial component of mixture

on the deflagration tracking lines on the explosion overpressure
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Fig. 11 Comparison between computational results and experimental results
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Two-Dimensional Numerical Simulation of Explosion for
Premixed CH,;-0,-N, Mixture

LI Cheng-Bing, WU Guo-Dong,JING Fu-Qian

(National Key Laboratory of Shock Wave and Detonation Physics ,
Institute o f Fluid Physics \CAEP ,Mianyang 621900,China)

Abstract: Based on the reduced methane oxidized element reaction model, CFD software and ISAT al-
gorithm were used to establish a two-dimensional turbulent explosion model for premixed CH,-0O,-N,
mixture. Computational results show that the process of ignition, combustion and explosion of the
premixed CH,-0O,-N; mixture can be simulated well by the model. The influence of the initial tempera-
ture of the high temperature core and the component of mixture on combustion and explosion were
considered in the numerical computations. Simulation results indicate that the initial temperature of
the high temperature core has an important effect on the ignition delay time and the early combustion
phase of the premixed CH,-0;-N, mixture, but it hardly affects the CJ deflagration phase. The reac-
tion activity of the premixed mixture is reduced by adding N, ,which results in the increase of ignition
delay time and the decrease of deflagration reaction speed,explosion overpressure and free radical con-
centration. The computational results of explosion overpressure are in good agreement with experi-
mental results on the same conditions.

Key words:ISAT algorithm;element reaction;chemical kinetics; turbulence; CJ] deflagration; numerical

simulation



