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Abstract: In order to predict key performances such as engine ignition envelope and lean/rich fuel limit,

there is an urgent need to develop high—precision chemical kinetic models of aviation fuel and its typical compo-
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nents. In this work, focusing on the typical component surrogate of n—decane in aviation fuel , a detailed mech-
anism for n—decane combustion including 1499 species and 5713 reactions was developed based on the auto-
matic mechanism generation program of ReaxGen. In order to verify the reliability of the mechanism, the igni-
tion delay simulation was carried out under the equivalence ratio of 0.5~2.0 and pressure of 0.1~8MPa. The re-
sults show that the detailed mechanism of n—decane has a good performance under a wide range of tempera-
ture, pressure and equivalence ratio. In order to obtain a high—precision simplified mechanism for aeroengine
combustion simulation, the semi—detailed mechanism of n—decane containing 709 species and 2793 reactions
was generated through the method of directed relation graph with error propagation. Further, in the high temper-
ature range of 1000~1500K, the skeletal mechanism of n—decane of 77 species and 359 reactions was devel-
oped by the paths flux analysis method. The skeletal mechanism reasonably describes the combustion character-
istics of n—decane at high temperature, and the scale of the skeletal mechanism is suitable for the numerical
simulation of combustion based on the flamelet generated manifold method. Based on the high precision skeletal
mechanism, combining with the turbulent combustion model of flamelet generated manifold, the large eddy sim-
ulation method is used to simulate the single—head fan of the annular aeroengine combustor, and the unsteady
flow field is preliminarily obtained. The results of temperature simulation are consistent with the experimental
values.

Key words: n—decane; Reduced mechanism; Directed relation graph with error propagation; Paths flux

analysis; Numerical combustion simulation
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Fig. 1 Reduction process of the combustion mechanism for

n-decane
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Table 1 Chosen experimental data used for validations of

n-decane from literature

Combustion

T/K p/MPa D Reference
parameters
) 360 0.1 0.7~1.4 [31]
Laminar
flame 400 0.1 0.7~1.4 [31]
speed 470 0.1 0.7~1.3 [31]
1174~1668 0.1 0.5~1.0 [32]
Ignition 764~1306 1.3 0.5~2.0 [33]
delay
time 835~1272 4.0 1.0 [34]
990~1168 8.0 0.5 [35]
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Fig. 2 Comparison of experimental ignition delay time with

simulation results for n-decane combustion
i i B 3h A o i R 25, S — Oy Tl L i
B OE 1 e AF R R AIG R T A AL B AR A fE iE — 20
585 FE D=2.0 W], w5 K HE IR A UL{E S 50 B8040 49 5 847

KOG 5 P R i R AR . R T
1000K (1) & i B , BE A HLER 2 T 40 AL AN 1 42 HL B
A AR UL A0SR 2 B B Y — B L UE @=1.0, p=
4.0MPa, T=1000K [ff 3T 77 7E 48 KiRk 25 .
33 E+iEEYIERIIE

1E @=0.5~2.0,p=0.1~4.0MPa, T=1004~1668K T ,
B UE T IE e B 2R AL 3 A R IR e I AR B[] AR 4L
gEIR Gt A BT LW E 2 iR . g5 SRR L 7E
®=0.5~2.0,p=1.3MPa T, iZ & 22 HL # 0] DLAR & Hh Fi
W TE g /25 SOR A W AE = iR T A9 a5 K HE 3R B[] 7E p
=4.0MPa &, % 43 S 400 25 SR e 2, U W O oy T A1 U 1Y
SR R — IR . S SR A X L,
R R UL T B SR AL B AE T 9 A 3 Y TR PN R e
5

1E T=360,400,470K ,p=0.1MPa LA}z #=0.7~1.4 5
PER AT T 2R L RE Y 23 0 KO R B . B
SIS R X H g A an 1 3 r s , b R R S B | S
NGRS IR 5 S R 22 M TE 15% LAY,
& B2 B ZR AL PR AL 0] DA A b T O s TR
G WTE AR Y B LR BT B2

100
90 [
8o
70 b
60 |
50
401
30} * — 7=360K
0l ® — T=400K
1oL = — T=470K

Laminar flame speed/(cm/s)

0 1 1 1 1 1 1 L
06 07 08 09 10 1.1 12 13 14 15

D
Fig.3 Comparison of experimental laminar flame speed
with simulation results of skeletal mechanism for n-decane
combustion (p=0.1MPa)

1E T=300K, p 43 %} 0.1MPa 1 1.3MPa, @=0.7~
LSS4T 6 b T IR AL T A L2 5 22 0L
) A B0 TR RE DL SR G 1R 4 BT, T LA
U E] 2 BN K, U B B A AL B AT A 1 A A
KR FE PRI R T T AL Y A M

4 IFE+IeEZEyIBEREEEEL RN F

T FIRFRIL B IE bR P B R WL AR Y 55
TR P U R BT FGM J7 11 SR T R IR B LR
SprayFGMFoam" ' #:47 T fifi 25 & sh HLERJE kb & i3k
TR T R BRBERE AL . A S 8 SO FOM IR B AR AU A



1880

/N 2021 4¢

A F] OpenFOAM 1 7 il 5K fif #% , 52 B T SprayFGM-
Foam B2 ¥ I T & o THE R A SCR A6 1Y 77 B4l 43
359 25 W A4 TE e e TR AL AL R, A% ARLAR 2100 7,
HAr Z5 R 46 4% 1900 77, AR 4544 1k [ % 300 77 o XA
8 25 S TV AV 25 K R E it A DX S8R FH IR 45 4 9 A Ak
B LA A9 & 24 P, X6 3 MR8 XA KA Fa 2156 IX 8 R
S AL AR B2 T SRR . R T JR AR FlameMaster
FHE FGM )2 it SR e, SR ] B R 23 %85 J32 o B0 SR IR
it 10 6T R 08 P 5% T e 8 i 3 K A B3R o
et g B, R PIMPLE 22 vk 5K f# & 1 3 A
3 22 18] 0 A A ) R, 9% 5 YR TE RS B R 2B K
JH SIMPLE & 25 5 3 oK f , isf [0] 25 K 19 45 3 i PISO
VL SE L, B A T IRV RLTE (R A T LR AR 1
CFLEL, Bt B . SR AT BR AR FRIL B 1 Navi-
er—Stokes 5 ¢ , ff UE 5 B B9 SFE M | B[R] SR A B B
s X, sy R B LUST 4% 28, ik &= 7 f R
FH B TVD A2 o T 9055 260 35 T B 0y R I 9 A R JBE

2300
5
5 2200 ¢
<
3
£ 2100
8
£ 2000 |
g —m— Detailed mech.
51900 + —e— Semi-detailed mech.
i) —A— Skeletal mech.

1800 1 L 1 1

0.6 0.8 1.0 1.2 1.4 1.6
D
(a) p=0.1MPa

SGS it P A AU, SR FHRLAS B H 2k 52308 55 5 3 5 1 XL
A o THRR A 28 S0 0.5089ke/s, A
1 JE 77 900800Pa, A i & 703.3K, #Abe= A F2R
FH ZE 0Tk 30 e 3 B MR a1 SR R R X I
FUE 7 838 i1 450, AR BE 187 O JC T A8 4 i .
AR AT B 25 & sh LB Sk 3B AE A2 S i 1 A 4
S5 S5 s o BS 43 B R oSk 5 AR (E AR 8L TR
TR T A 1 R RO 8 ) R Ty IR R
K. PS8 o B R T B S50 1 1
RURRE BB T S8k a5 B, S 808 L5 -
T ESE B 10 S KA B /N R e 5 R, 9] L
25 45 KA R A 2300K, 11 1% B e K (B R 2500K, P4 Ik
AR HAR B B B S HOR TR R = S ARG SE PR A7 R 1Y
e vty 258 B 22 XHIR B = (W AB AT R FE R . L5675
WA e 2 S ey U BE R F 10 B 43 i R 1478.6K
1322.0K, #& b 155 01 3k 15 19 00 25 0 5 v dc s TR B A
1420.4K, 06 5 1359.9K, 53280 (0 A S .

2300 +
s
5 2200 -
<
5]
£ 2100 |
L
£ 2000 |
é —a— Detailed mech.
'g 1900 + —e— Semi-detailed mech.
m —a— Skeletal mech.

1800 : 1 . L

0.6 0.8 1.0 1.2 1.4 1.6
]
(b) p=1.3MPa

Fig. 4 Comparison of simulated adiabatic flame temperatures with the detailed, semi-detailed and skeletal mechanism for n-
decane combustion (7=300K)
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Fig. 5 Instantaneous and average of pressure, density, temperature and velocity clouds in the middle section of aeroengine

combustor
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