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Simplification of Detailed Reaction Mechanism Based on the
Sensitivity Analysis and Quasi-steady State Assumption

LIN Zhi-yong ZHOU Jin HUANG Yu-hui
College of Aerospace and Material Engineering National Univ. of Defense Technology Changsha 410073 China

Abstract A method based on the sensitivity analysis and quasi-steady state assumption was systematically developed in this
paper to simplify complex reaction mechanisms. A constant pressure homogeneous reactor model and a detailed reaction mecha-
nism were adopted to calculate the auto-ignition process under the interested condition. Then the result obtained with the de-
tailed mechanism was analyzed through the sensitivity analysis and the redundant species and reactions were identified and delet-
ed from the detailed mechanism to form the skeletal mechanism. After that the quasi-steady state species QSSS which were
very small and fast were also found from the skeletal mechanism. The global reaction mechanism was derived with some matrix
relations from the skeletal one. Finally the detailed mechanism GriMechl. 2 for methane oxidization was simplified to form
skeletal and global mechanism as an example and the result was validated with a comparison with the one obtained with the de-
tailed mechanism.

Key words mechanism simplification sensitivity analysis quasi-steady state assumption ignition delay

90
CsP ILDM

* 2006 —06—23
10272111
1978—



17

6
1
JdYk _ aW,
de
ldT f K k=1 K
\
= =—— w,Wh
t oy T
K T Y, k
h, k o <, @y,
DVODE
2
2.1
pj =) dlnp i ? i cj dp i
J 7~ dlnc j = opi dey
p i z cJ
J
b j j
2.2
3
F. _kjdp; _Ilnp;
E pzak] ah'lk]
F; i J
J L FI']'TFfj
j 2
3
3.1
9
x,—ehoal

F max lof | @ |



18 2007

X, k wh @ )
3.2
8-9
4
Grimechl.2
12 1
1
Tab.1 Global reaction expression
H, + O=>H+ OH O, + G,Hy,=~H+ CH; + CO,
O+ HO,=>0, + OH O, + G,Hyg=0OH + CH; + CH,O
O+ CH;=H+ CH,O H+ O,~HO,
O+ CH;=~O0OH+ CH; H+ 0,0+ OH
0, + CH,O=>H+ OH + CO, OH+ H,0O=H, + HO,
O+ CH;0H=H+ OH+ CH,O H, + CO,=>H, + O+ CO
4.1
2
1100K latm

0.20, 05N, 0.37CHy 0.2
2

Tab.2 Comparison of ignition delay with detailed and reduced reaction

H,

Grimechl . 2
177 77 12
32 25 17
ms 1.59 1.57 1.49
s 56 42 29
6%
4.2
latm 1200K 3
3
Tab.3 Three cases with different equivalence ratio for simulation of ignition delay
CH, H, Oy N,
A 1 0.1575 0.1575 0.3937 0.2913
B 2.5 0.2062 0.2062 0.2062 0.3814

C 0.625 0.1031 0.1031 0.4124 0.3814
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