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Abstract: In order to build the reaction mechanism of RP-3 kerosene which can be applied to kinetic simu-
late the combustion process in the aero—engine, the ignition characteristics of RP-3 kerosene were measured in
a chemical shock tube and the ignition delay time of this kerosene at various conditions were gained. According to
the chemical compositions and physical properties of RP-3 kerosene, a surrogate fuel includes n—decane, tolu-
ene and propyl cyclohexane (volume fraction is 0.65/0.1/0.25) was provided, and a detailed reaction mecha-
nism for this surrogate was developed. Through sensitivity analysis, this detailed reaction mechanism was re-
duced and a reduced reaction mechanism was presented. The ignition characteristics of this surrogate fuel at vari-
ous conditions were simulated using the reduced reaction mechanism, and the simulation results were compared
with the experimental data and the calculated results by the detailed reaction mechanism. The results show that
the correlation for the logarithm of the ignition delay time of RP—3 kerosene and the reciprocal ignition tempera-

ture is linear under different pressure and equivalence ratios, and with the ignition temperature and pressure in-
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creasing and the equivalence ratio decreasing, the ignition delay time of the mixture is shortening. At the same

time, the ignition delays of this surrogate fuel computed by the reduced reaction mechanism under different con-

ditions are agreed well with the calculated results by the detailed reaction mechanism and the experimental data

of RP-3 kerosene.

Key words: Ignition characteristics; RP-3 kerosene; Detailed chemical reaction mechanism; Reduced

chemical reaction mechanism; Numerical simulation
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Fig. 1 Experimental setup of the chemical shock tube
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Fig. 4 Key reactions affect the ignition delay time of
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Table 2 Reduced reaction mechanism of surrogate fuel for RP-3 kerosene

No Reaction No. Reaction No. Reaction

1 H+0,<=>0H+0 101 C;Hs+H<=>C;H.+H, 201 CioHp+0=>,—CoH,+OH
2 O+H,<=>0H+H 102 C;Hs+0,<=>C;H,+HO, 202 CioHo+O=>-C,H,+OH
3 OH+H,<=>H,0+H 103 CsHe=>C,H;+CH; 203 1=CioH2=>—CioHa

4 20H<=>H,0+0 104 C;He+H<=>C;Hs+H, 204 3= CioHa=>1—CioHa

5 H+0,+M<=>HO,+M 105 CsHe+OH<=>C;Hs+H,0 205 1—CioH2+0.<=>CyoHys

6 HO,+H<=>20H 106 C;He+CHi<=>C;Hs+CH, 206 1= CioHa+0,<=>C1oHxs

7 HO,+H<=>H,+0, 107 CHe+O0<=>C,H,+CH,O0 e

8 HO,+H<=>H,0+0 108 C;Hg+0<=>C,Hs+HCO 271 CoHg+H=>-CoH7+H,

9 HO,+H<=>H,0+0 109 C;He+OH<=>C,Hs+CH,0 272 CoH s+CH;=>—-CoH,,+CH,
10 2HO,<=>H,0,+0, 110 C;H,<=>CH;+C,H, 273 CoH s+C,Hs=>—CoH,7+C.Hs

.............................. 274 C9H|g+0:>|_C\;H17+OH

51 CH;OH+OH<=>CH,OH+H-0 151 C;Hs+CH <=>C,H; 275 CoHs+OH=>,—-CyH,,+H,0
52 CH;OH+CH;<=>CH,+CH,OH 152 C;Hg=>H+C,H; 276 CoH s+HO,=>-CyH,7,+H,0,
53 C,H+0,<=>HCCO+0O 153 C,Hs+H<=>C,H;+H, 277 CoH s+H=>,—CsH ;+H,
54 HCCO+H<=>CH,+CO 154 C4Hs+0<=>CH;CHO+C,H, 278 CoH s+C,Hs=>,—CoH,,+C,Hs
55 HCCO+0=>2CO+H 155 C4Hs+0<=>CH;+C,Hs+CO 279 CoH 5+0=>,-CsH,,+OH
56 HCCO+0,<=>HCO+CO, 156 CiHs+0<=>C;Hs+CH,O 280 CoHs+OH=>,-CsH»+H,0
57 HCCO+0,<=>2C0+0H 157 C.Hs+0O<=>C,H,+OH 281 CoHis+HO,=>,—CoH 7+H,0,
58 C,H,+0,<=>HCCO+OH 158 C,Hs+OH<=>C,H,+H,0
59 C.H+OH<=>C,H+H,O 159 C4Hs+CH3<=>C,H,+CH,
60 C.H+0<=>CH+CO 160 C,Hs+0,=>C,H,+HO,
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Ignition delay time of the surrogate fuel for RP-3 kerosene
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