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Abstract; Understanding the mechanisms of pyrolysis endothermic and oxidative exothermic reactions is
vital in developing endothermic hydrocarbon fuel in reducing engine surface temperature of hypersonic
vehicle. In this paper, the reaction mechanisms of endothermic and exothermic processes were revealed
for the widely used endothermic fuel of JP-10 by ReaxFF molecular dynamics simulations ( ReaxFF MD) .
The heat-up simulation results show that the transition point from endothermic to exothermic for the total
reaction heat effect of JP-10 oxidation system is around 2 600 K. The absorbed heat of the ring-opening
reactions in the endothermic stage accounts for about 64% of the total heat absorption. The stepwise

reactions of H free radicals and O, into HO, and HO free radicals, and HO, and HO into H,O will release
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a large amount of heat, accounting for about 54% of the total heat release in the oxidation stage. This

work demonstrates that reaction energy analysis of ReaxFF MD simulations is potentially a new approach

for identifying important reaction pathways and understanding the effects of fuel molecular structures on

fuel endothermic capacity and fuel pyrolyzate composition on fuel oxidative exothermic capacity.
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Fig.2 Evolution trends of reaction energy with tempera-

ture obtained from JP-10 heat-up oxidation process
by ReaxFF MD simulation
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Tab.1 Reaction energy statistics in initial ring-opening reactions of JP-10 pyrolysis
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Tab.2 Reaction energy statistics in main ring-opening reactions of JP-10 pyrolysis intermediates
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Tab.3 Reaction energy statistics in main pyrolysis, dehydrogenation and hydrogen transfer reactions of JP-10 pyrolysis
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Fig.3 Trend of reaction energy from JP-10 oxidation

process at 3 000 K by ReaxFF MD simulation
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Tab.4 Main exothermic reactions of JP-10 oxidation process

5 T I (keal = mol ™')  WEGE B (keal + mol ')
1 0,+ H- — HO, - -33.88 632 ~21 409. 84
2 HO, - + HO - — 0, + H,0 -34.85 117 -4077.97
3 HO - + CHO - — HCOOH -23.55 117 ~2755.08
4 HO, + H+ — 2HO - -49.33 55 -2 713.66
5 HO - + HCCOH — H,0 + HCCO - -9.76 183 ~1786.44
6 H- + H,0— H,0 - -23.33 68 ~1586.25
7 HO - + HOCCOH — H,0 + HOCCO - -8.50 184 ~1564.00
8 HO - + C,H,— HCCHOH - ~11.63 118 -1372.02
9 0- + H,0 —2HO - ~1.71 674 ~1150.93
10 HO - + HCCO - — OCCHOH ~13.98 77 -1076.28
11 HO - + CO—>H- + CO, ~16.89 61 ~1029.99
12 HO - + HOCCOH — H,0 + OCCOH - -6.62 151 -999. 47
13 HO - + C,H, - — CH,CHOH -15.53 61 -947.63
14 HO - + - CCOH — HOCCOH ~17.28 50 - 863. 87
15 HO - + HCCOH — H,0 + - CHCO -4.69 170 -797.01
16 HO - + C,0,— OCCOOH - ~12.40 64 -793.86
17 HO - + - CHCO — OCCHOH ~14.54 48 -697.73
18 HO - + H,0 — H,0, - -17.75 39 -692.11
19 0, + CHO - — CHO, - -7.89 79 -622.99
20 HO - + CH, - — CH,OH ~13.50 42 -567.18
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Fig.4 Oxidation mechanism of C, species obtained

by JP-10 oxidation ReaxFF MD simulation
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