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Reduced mechanism of surrogate fuel for RP-3 aviation

kerosene and verification
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Abstract: N-decane was chosen as the surrogate fuel of RP-3 aviation kerosene, and a
reduced mechanism (36 species and 62 steps) was established. A Bunsen burner with
premixed pre-evaporation combustion was designed to study the combustion flame of RP-3 a-
viation kerosene. And two verified kerosene simplified mechanisms (23 steps and 38 steps
respectively) and the 62 steps mechanism were used by numerical simulation. The numerical
results were compared with the experimental data. Results show that, the distributions of
temperature and volume fraction of CO, first increase and then decrease in the axial direc-
tion, and the temperature reaches the maximum at axial distance from nozzle of 0. 020 m.
While the volume fraction of O, first decreases and then increases, the volume fraction rea-
ches the minimum at axial distance from nozzle of 0. 025m. Compared with the 38 steps and
23 steps reduced mechanisms, the distributions of temperature and volume fraction of O, are
in good agreement with the experiment data when 62 steps reduced mechanism is applied. At
the same time, the numerical results with 62 steps reduced mechanism can also well simulate
the volume fraction of CO,, but the numerical results of 23 steps and 38 steps can only pre-

dict the change trend of the experimental results. Therefore, n-decane can be used as the
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surrogate fuel of RP-3 aviation kerosene and the 62 steps reduced mechanism can accurately

predict the combustion characteristics of RP-3 aviation kerosene.
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Table 1 Reduced mechanism of n-decane
BT S A FETC LT 5 e
1 N-Cyo Hy, +OH —>T-Cyy Hyy +H, O 32 HCCO+ 0O, =—=2CO+0OH
2 N-Cyo Hyy +OH —>S-Cy Hyy + H, O 33 HCCO+ 0, ==HCO+CO;
3 N-Cyo Hy, +H —>T-Cyo Hay + H, 34 HCCO+H==P-CH, +CO
4 N-CyyHs, +H—>S-C,o H,y + H; 35 CH, +OH=—=CH;+H. 0O
5 T-Cio Hyy—>P-Cs His + P-C, Hg 36 CH,+0O+==CH;+OH
6 S-CyoHyy—P-C; His +C; He 37 CH, +H=—=CH;+H,
7 P-C; Hi;—>P-C,Hy +C; H; 38 CH;O+M—CH,O+H+M
8 P-C;H;;—>P-C,Hs +N-C; H» 39 CH; +HO, =—=CH; O+ OH
9 P-C;Hy;—>P-C; Hyy +C H 40 CH; +O=—=CH,O0+H
10 P-C¢Hy;—P-C, Hy, +C; H, 41 OH+CH; =—=P-CH,+H. 0
11 P-CsHip—>C, H; +C; H; 42 2CH; =—=C,H; +H
12 P-C,Hy =—=C, H; +C, H, 43 CH,O+OH —HCO+H. 0
13 C; H; +CH; ==P-C, H; 44 CH,O+H—HCO+H;
14 C;Hy +H=—=N-C;H; + H, 45 P-CH; +CO, =—=CO+CH, O
15 C,H; +CH; ==C; Hs 46 P-CH, +C, H, ==C; H;
16 N-C; H; =—=CH; +C; H, 47 2CH; +M—>C,Hs + M
17 N-C; H; =—=H-+C; H; 48 P-CH, + M=—=—T-CH,+M
18 C;Hs +OH=—=C;H; + H.0O 49 T-CH; +0, —CO,+H;
19 CH;,+H— CH, +H. 50 T-CH, +0, —CO+OH+H
20 C;H,+OH—>C;H; + H.O 51 T-CH, +CH; =—=C,H, +H
21 C;H; +O=—=C,H,+CO+H 52 HCO+OH=—=CO+H,0
22 C.Hs +OH=—=C,H; +H.0 53 HCO+M=—=CO+H+M
23 C.Hy +H=—=C,H; +H, 54 CO+OH=—=CO,+H
24 C, H; +0, ==C, H, + HO. 55 H+0, =—=0H+0
25 C,H, +O==CH; +HCO 56 O+H, =—OH+H
26 C.H,+OH=—=C,H; +H,0 57 OH+H, =—H,O0+H
27 C:H,+H=—=C,H;+H, 58 20H=—H,0-+0
28 C.H; +0;, =—=C, H, + HO;, 59 H+0O; +M=—=—HO, +M
29 C,H; +0, =—=CH, O+ HCO 60 HO, +H—=—20H
30 C,H, +O=—HCCO+H 61 HO, +H~=—H,+0,
31 C,H, +O=—=T-CH,+CO 62 HO,+H=—H,0+0
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Bunsen burner pre-evaporation flame experiment

system of RP-3 aviation kerosene

K2 WAL YE

Fig. 2 Real experiment system

3 tEERR

S IR 1 69 2 AT BB O 45 K
YEANE N T — /& A 600 mm, JIK I H 2 8 350
e F AR I 64T L A5 T AP 3 T % 1
FHELBOR. 22 A T PR L 2 1 5% 139 7
W 4% . TR BF AR SC %8 B Kundu 25797 32 3 19 Cyy Hos

[ fE T 5

LK )
REITHO

B3 iR
Fig. 3 Calculation model

1 23 A e B ALEE AT SR [ 20 ]H Strelkova 2542 i
B 72. 7% IE B KE 9. 1% IE C B AT 18. 2% %K 1) 38
A TR LB SRy R 78 2F AT B B0, % A SO 42
() 62 2 fl A ML B SE AT X b 38 iE , I o A FL AL 45
R KA T A& 2 K.

®2 HBRBEENTIR
Table 2 Condition of experiment and

numerical simulation
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of 0. 008 m in condition 2
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