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Mathematical background

Time scales

Traditional reduction tools and their limitations
New algorithmic tools

Various methodologies

Applications

Quasi steady-state and partial equilibrium approx.
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Goussis CTM 2012, C&F 2015
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Stability Accuracy

QSSA, PEA
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Fast species

The M species whose axis is most aligned with the M fast directions

Fast reactions

The M reaction rates that exhibit the largest slope in the fast subspace

Goussis CTM 2012, C&F 2015
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Adiabatic ignition of stoichiometric mixture at constant volume; T ,=1100K, p,=2bar

=N

H+O, <=> OH+O
H,+0 <=> OH+H
H,+OH <=> H,0+H
H,0+0 <=>2 OH

2 H+M <=> H,+M
H+OH+M <=> H,0+M
2 O+M <=> O,+M
H+O+M <=> OH+M

by ko G e Y

O+OH+M <=> HO,+M
10. H+O, (+M) <=> HO,

1.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

HO,+H <=> 2 OH
HO,+H <=> H,+0,
HO,+H <=> H,0+0
HO,+0 <=> OH+O,
HO,+OH <=> H,0+0,

2 OH(+M) <=> H,0, (+M)
2 HO, <=> H,0,+0,
H,0,+H <=> HO,+H,
H,0,+H <=> H,0+0OH
H,0,+0OH <=> H,0+HO,
H,0,+0 <=> HO,+OH

Boivin et. al, Proc. Combust. Inst., 33:517-523, 2011
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Species:

Conservation laws: 2 (O, H)

QSSA:
Steps:

8 Fast reactions

2. H,+O<=>OH+H

3. H,+OH<=>H,O0+H

16. 2 OH(+M) <=> H,0O, (+M)

3 (O, OH, H,0,)
8-3-2=3

. 3H,+0,<=> 2H,0+2H
I. H+H+M<=>H,+M
. H,+0O,<=>HO,+H

Boivin et. al, Proc. Combust. Inst., 33:517-523, 2011
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Recombination SIM: up to 6 approximations (QSSA, PEA, etc)

Kourdis, PhD Thesis, NTUA 2012
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There exist algorithms that can identify:

1.

2
3.
4

The number of fast time scales
The fast variables
The fast reactions

The possible validity of the QSSA/PEA

NTUA
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