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Abstract: The detailed reaction mechanism (including 67 species and 344 reactions) of

the ignition and combustion of a surrogate fuel (n-decane) for kerosene was reduced by adop-

ting net reaction rate analysis and sensitivity analysis, and a reduced mechanism (including

50 species and 118 reactions) was gained. The ignition delay time of n-decane in the shock

tube and the process of n-decane premixed combustion in the premixed burner were simulated

by adopting the detailed and reduced reaction mechanisms, and the simulated results was

compared with the experimental data. The results show that the ignition delay time, the

shape of the profiles of the mole fractions of the reactants and the major combustion products

simulated by the detailed mechanism and the reduced mechanism agree well with the experi-

mental data. The n-decane can be a surrogate fuel for kerosene, and the reduced reaction

mechanism can describe the kinetic characteristics of the ignition and combustion of n-dec-

ane.
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Table 1 Surrogate fuel for kerosene
) B 79% n-decane, 10% n-propylcyclo- Jet stirred
Gueret C  1# Jet A-1 reactor
hexane,11% 1,2,4-trimethylbenzene (JSR)
Cathonnet M [ Jet A-1 n-decane 78 ,603 JSR
Dagaut P 1% Jet A-1 n-decane 90 ,573 JSR
Vovelle C 11 Jet A-1 90% n-decane,10% toluene 39 ,207 JSR
Patterson P M [1% Jet A-1 89% n-decane,11% toluene 84 ,440 JSR
_ 78% n-decane, 9. 8% cyclohexane,
Cathonnet M 3] Jet A-1 188 ,1463 JSR
12. 2% toluene
B 74% n-decane, 11% n-propyleyclo-
Dagaut P [ Jet A-1 207 ,1592 JSR
hexane,15% n-propylbenzene
32.6% n-decane,34. 7% n-dodecane,
Montgomery C ] [ JP-8 16. 7% methyleyclohexane, 16% 164 ,1162 Shock tube
n-butylbenzene
X n-decane, n-dodecane, n-hexadecane,
Cooke J A 18] JP-8 ) ] 221 ,5032 Counter flow
xylenes, decaline, tetraline
Kyne A C 07 Jet A-1 89% n-decane,11% toluene 84 ,440 Premixed
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Table 2 Reactions in the reduced mechanism of the n-decane ignition and combustion

No. No. No.
1 H+0,SOH+0 41 HCCO+ 0, SHCO+CO; 81 C,H,+HS,-C H;
2 O+H,<SOH+H 42 HCCO+0,;<2CO+0OH 82 CiHs+H=,-CyHs
3 OH+H,<H,O+H 43 C,;H, +0,<HCCO+OH 83 «CiHs M= -C,H; +M
4 20HSH,O0+0 44 C,H,+HSC,H+H, 84 ~CiH; +0;—~C; H; +CO+CH-, 0O
5 H+0;+M<HO, +M 45 C,H, +OH=C, H+H,0 85 C;Hy; +CH;—C, Hg
6 HO,; +H<20H 46 C,;H; +05;3;-CH, +CO 86 C/Hs +HS,-C,H; +H,
7 HO, +HSH; +0, 47 C,H; +OSHCCO+H 87 C,Hs +OH<,-C, H; + H, O
8 HO, +H<H,0+0 48 C,Hs (+M)SCoHy, +H(+M) 88 C,Hs +OH<=,-C,H; + H, O
9 2HO; < H: 0, +0; 49 C;H; +H<C: H, +He 89 C,Hs +OH<C, H; +CH3; CHO
10 H, O, (+M)S20H(+M) 50 C,H; +0,=CH, O+ HCO 90 C,H;<C Hg+H
11 CO+OH=CO, +H 51 C,H; +0,<CH,CHO+O 91 C,H;<CH +CyHy
12 CO+HO;<CO, +0OH 52 C,H; +0,<C, H, + HO, 92 CiH7; +0,<CiHg +HO,
13 HCO+M<CO+H+M 53 CH;CO=CH; +CO 93 C,H7; +CH;<=C,Hs +CH,4
14 HCO+H<CO+H;, 54 CH;CHO+H<=CH;CO+H. 94 C/H;+C;Hs<CyHs +C3 He
15 HCO+OH<CO+H,;0 55 CH;CHO +H<CH,CHO+ H; 95 C;Hs +CH;<,-Cy Hs
16 HCO+0,<CO+HO, 56 CH;CHO +OH<CH;CO+H,0 96 1-CyHg + HSCy Hr +H
17 CH+H;<SH+;3;-CH, 57 CH;CHO +CH;<CH;CO+CH, 97 1-C; Hs +O<CH; +C, Hs; +CO
18 3-CH, +CH;<C,Hy+H 58 C,H;, +H<C,H; +H, 98 1-C; Hs +0O=C3 Hg +CH, O
19 3-CH; +0;—~CO+OH+H 59 C;H, +OH<=C, H; +H,0 99 1-CHs +OH<,-C; H7 +CH, O
20 3-CH, +0,—>CO, +H, 60 C,H, +O=CH; +HCO 100 »CiHySCH; +Co Hy
21 1-CH; +M<;3;-CH, +M 61 C,H; (+M)—>C, Hy, + H(+M) 101 »CiHoS1-CyHg +H
22 1-CH, +H,=CH;+H 62 C,Hy +H(+M)—>C; Hs (+M) 102 CsHy—>CsH; +C, Hy
23 1-CH; +0;—~CO+OH+H 63 C,H; +0,<C, Hy + HO, 103 CsHy—C,H; +Cs Hg
24 1-CH; +C; H, 5 Cs Hgg 64 C;Hs +H<C: Hs +He 104 1-CsHyo +H—>CsHo +Ho
25 1-CH; +CO,=CO+CH, 0O 65 C;Hs +OH=C Hs; +H, O 105 1-Cs Hio +O—C; Hy + OH
26 CH;O+H—-HCO+H, 66 C,H;+1-CH,SC;H; +H 106 1-CsHyo +OH—>Cs Hy + H, 0O
27 CH;O+OH—-HCO+H,0O 67 C;H; +OSCH,O+C,H 107 1-Cs Hiz—>,-CiHy +Co Hy
28 2CH3<C:Hs +H 68 C;H; +O<C, H, +CO+H 108 1-CrHi5—>1-CsHio +C2 Hs
29 2CH; (+M)—C, Hs (+M) 69 C;Hs +H<C:; Hs +He 109 1-C;Hy5—>1-C, Hg +,-C3 Hy
30 CH; +0O=CH;O+H 70 C;Hg +CH3;<C; H; +CH,4 110 1-CrHis—>,-CiHy +Cs Hgg
31 OH-+CH;3;<,-CH; +H,0 71 C;Hs +OHSC, H; +CH, O 111 2-Cro Hp1—>1-C7 Hys +C3H6
32 CH; +HO,<CH; O+ OH 72 —CsH; SCH3 +Co Hy 112 3-CioHz1—>1-Cs Hys +1-Cy Hs
33 CH; +0;<CH,O+OH 73 +~CsHy SH+C3 Hg 113 +~CiroHzy +OH—>3-C1oHz1 +H, O
34 CH; +H(+M)SCHy (+M) 74 C:H; +CH3;<Cs Hs 114 +~CroHzs +OH—>,-CoHz1 +H, O
35 CH;0+M—>CH;O+H+M 75 C;Hs+H<,-C;H; +H; 115 2»~CroHzz +H—>3-CioHay +Ha
36 CH,+H<CH; +H, 76 C,H, +C,H=,-C  Hy 116 +~CroHay +H—>3-Cio Hyy +Ho
37 CH, +0=CH;+O0OH 77 «CiH; +0,—~C, H+2HCO 117 2=Cro Hz1—>3-Cio Hay
38 CH;+OH<CH; +H,0 78 C4iH,+H<,-C,H; +H, 118 3-Cio H21 —>2-C1o Hyy
39 C; H+ 0, <HCCO+0 79 C,H; +OH=,-C,H; +H, O
40 HCCO+H=,-CH;+CO 80 C,H,+C,H;<,-Ci Hs
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Fig. 1 Ignition delay time of n-decane in the shock tube
(line:detailed mechanism;dotted line:reduced mechanism;

symbol; experimental data’’)
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Fig. 2 Mole fractions of species in n-decane premixed combustion (line:detailed mechanismj;
dotted line:reduced mechanism;symbol: experimental data"'®!)
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