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Combustion reaction mechanism of three-component simulation

surrogate fuel for RP-3 kerosene
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Shenyang Aerospace University, Shenyang 110136, China)

Abstract: A kind of combustion reaction mechanism of surrogate fuel was developed,
including 65% n-decane, 10% toluene and 25% propyl cyclohexane for RP-3 kerosene. The
mechanism consisted of 150 species and 591 elementary reactions. The ignition and combus-
tion characteristics of surrogate fuel at various conditions were simulated by this reaction
mechanism, and the simulation results were compared with those of another one-component
surrogate fuel (n-decane) and the experimental data, respectively. Results show that the
chemical reaction mechanism of three-component surrogate fuel can accurately calculate the
ignition and combustion characteristics of RP-3 kerosene. The calculation deviation of the ig-
nition delay time can be controlled within 5%, and the calculation error of the laminar burn-
ing velocity can be controlled within 10% , better than those of ndecane. The combustion
reaction mechanism of three-component surrogate fuel was also modified by sensitivity analy-
sis, showing that the calculation error of the laminar burning velocity was improved from
10% to 5 %. This means the modified mechanism can predict the ignition delay time and

laminar burning velocity of RP-3 kerosene better.
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Fig. 1 Schematic diagram of the experimental facility
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Fig. 3 Ignition delay times of simulation surrogate fuel for RP-3 kerosene at various conditions
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Fig. 6 Temperature sensitivity analysis of ignition delay time
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Fig. 7 Sensitivity analysis of burning mass flow rate
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Table 1 Modified kinetic parameter pre-exponential factor of elementary reaction

Reaction rate constant

Previous Modified
pre-exponential pre-exponential Temperature
factor A/ factor A'/ index n

(em® » (mol » )™ 1) (em® » (mol » $)™1)

Elementary reaction

Activation
energy E/
(J*mol ")

H+0O, +M=HO, +M 3.54X 10" 2.13X10" —0.8
HO, + H=H; +0; 4. 28X 10" 3. 68X 10" 0
HCO+M==CO+H+M 7.00X 10" 9. 52X 10" 0
TXCH; +0, —>CO, +H. 1.20X10% 0.66x10" 0

C:H, -O==HCCO+H 5. 06X 10°

CoH; (+M)==C, H, + H(-+M) 2.00X 10" 3.45Xx 10" 0

.21X10° 2.1

-3

C,H; + 0, =—=CH, O+ HCO 1.70X10% 3.11X10% —5.3
C,H; +0, =—=CH,CHO+0O 3.50X10" 2.57X10" —0.6

0
1410.1
16802. 1
1481.8
1570. 3
39744. 3
6493. 8
5258.1
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Fig. 8 Comparison of calculated and experimental
ignition delay time and laminar burning velocity

using modified three-component mechanism
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