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• TURBULENT COMBUSTION CLOSURE (LES VIA CONDITIONAL MOMENT CLOSURE) 

• IGNITION TRANSIENT IN COMBUSTION CHAMBERS (URANS) 

• SUPERCRITICAL COMBUSTION IN LRE CHAMBERS (RANS, URANS, LES) 

• DETERMINISTIC AND PROBABILISTIC MODEL REDUCTION OF CHEMICAL KINETICS USING CSPTK     

• PREDICTION OF STRONG AND WEAK IGNITION REGIMES IN TURBULENT REACTING FLOWS WITH 

TEMPERATURE FLUCTUATIONS  

• FLAME INITIATION AND FORMATION (DNS VIA WAVELETS) 

• SPRAY MODELING OF PRESSURE-SWIRL ATOMIZERS USING OPENFOAM 

• DEVELOPMENT OF THE CSP TOOL KIT (CSPTK) LIBRARY

MAIN TOPICS

MULTI-SCALE SIMULATION OF REACTIVE FLOWS IN THRUST CHAMBERS

• DETACHED EDDY SIMULATION SHOCK UNSTEADINESS IN AN OVER-EXPANDED PLANAR NOZZLE

AN EARLY CASE OF CRO-SSD COLLABORATION (06+07)



TURBULENT COMBUSTION MODELING OF LABSCALE FLAMES (KAUST) 
OPENFOAM LES (P.P.CIOTTOLI, P.E.LAPENNA, F.CRETA, M.VALORANI)

Target test case: Sandia flame A jet diffusion flames (www.sandia.gov/TNF/DataArch/FlameA/
SandiaPilotDoc21.pdf)

http://www.sandia.gov/TNF/DataArch/FlameA/SandiaPilotDoc21.pdf
http://www.sandia.gov/TNF/DataArch/FlameA/SandiaPilotDoc21.pdf
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IGNITION TRANSIENT IN COMBUSTION CHAMBERS  
URANS (M.VALORANI, E.MARTELLI, P.P.CIOTTOLI, G.GARGIULO)

The experiment consists of 
triggering ignition in a well 
controlled gas/gas injection 
configuration, using a laser beam 
in order to control the ignition 
point location and energy release 

The flame kernel propagates 
downstream near the symmetry 
axis as convected by the fast 
central jet 

The flame kernel propagates 
across the recirculation region 
away from the axis 

When methane is not entering 
the chamber anymore, the cold 
oxygen jet is not consumed and 
leaves the chamber unburned-> 
the temperature field at the axis 
becomes very cold  

A significant amount of hot 
products is still present in the 
chamber ready to reignite the 
propellants when the chamber 
pressure is lowered by the mass 
loss through the choked nozzle



SUPERCRITICAL COMBUSTION IN LRE CHAMBERS  
RANS, URANS, LES (G.GARGIULO, F.CRETA, M.VALORANI)
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Supercritical combustion involves real gas 
equations of state. 

Very strong density gradients occur in the 
mixing region formed by cryogenic oxygen and 
gaseous methane. 

Anchoring is hindered by the high heat transfer 
from the flame to the cold liquid oxygen jet



IGNITION IN A CAVITY

FLAME INITIATION AND FORMATION  
 “WAVELET ADAPTIVE MESH RESOLUTION”  (S.GEMINI,S.PAOLUCCI, E.MARTELLI, M.VALORANI)

Flames are characterized by a large 
spectrum of spatial and temporale 
scales ⇒ multi-scale problems 

Direct Numerical Simulations (DNS) 
involves a very large number of 
unknowns (if a uniform mesh is 
used) 

Dynamically adaptive wavelet 
collocation algorithms are ideally 
suited for DNS of combustion with 
realistic chemistry: 

• the state functions are 
represented in terms of multiscale 
basis functions (scaling functions 
& wavelets), characterized by 
excellent localization properties 
both in physical and spectral 
space. 

• adaptation is obtained by 
retaining only wavelets with an 
amplitude greater than a user 
defined threshold, thus providing 
a verified solution of prescribed 
accuracy and saving in computer 
time and memory storage.
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Detached Eddy Simulation shock unsteadiness in an over-expanded planar nozzle
E.Martelli,	P.P.	Ciottoli,	M.	Bernardini,	F.	Nasuti,	S.	Pirozzoli,	M.	Valorani	

Handa, T., Masuda, M., and Matsuo, K., 

Johnson, A. D. and Papamoschou, D., “Instability 
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The shock movement and the 
recirculating region have been 
recognized to be characterized,  
in the time-frequency space, by a 
collection of events with a 
modulation of the oscillation 
amplitude and a modulation of  
the frequency



MULTI-PHASE FLOW: SWIRL ATOMIZER  
OPENFOAM RANS, LES WITH VOF (A. SALEM, P.P.CIOTTOLI, M.VALORANI)

Multi-phase CFD simulations with InterFOAM solver based on the volume of fluid (VoF) method. 
Top: Two dimensional axisymmetric simulation of a swirl atomizer  
Bottom: Liquid jet breakup detail of the injector



TIME SCALES EVOLUTION

AUTOMATIC GENERATION OF SIMPLIFIED KINETIC MECHANISMS  
M. VALORANI, F. CRETA, H.N. NAJM, D.A. GOUSSIS, P.P. CIOTTOLI, R.MALPICA

ERRORS ON TARGET VS # OF SPECIES ERRORS ON IGN.TIME VS # OF SPECIES

IGNITION DELAY TIME VS DEGREE OF SIMPLIFICATION

ARAMCO MECH 
2484 SPECIES 
10368 REACTIONS 

C6H5CH3   0.2923  
NC7H16    0.0802  
NC4H9OH   0.2756  
IC8H18    0.3519  

EXPLOSIVE MODE

http://scholar.google.it/citations?view_op=view_citation&hl=it&user=rW-uukoAAAAJ&pagesize=100&sortby=pubdate&citation_for_view=rW-uukoAAAAJ:hqOjcs7Dif8C


AUTOMATIC DIAGNOSTICS OF KINETIC MECHANISMS  
M. VALORANI, P.P.CIOTTOLI, R.MALPICA

region # time@ beginning T@ beginning Species Reactions Average PI [%] Bar Chart

1 0. 1200.
H
OH
O

Rb 12 - HO2+H<=>H2+O2
Rf 28 - CO+O2<=>CO2+O

58.36
41.38

Rf 28 - CO+O2<=>CO2+O

Rb 12 - HO2+H<=>H2+O2

2 8.80654×10-8 1200.
H
OH
O

Rb 12 - HO2+H<=>H2+O2
Rf 28 - CO+O2<=>CO2+O
Rf 2 - H2+O<=>OH+H

50.77
42.23
4.057

Rf 2 - H2+O<=>OH+H

Rf 28 - CO+O2<=>CO2+O

Rb 12 - HO2+H<=>H2+O2

3 2.74948×10-7 1200.
H
OH
O

Rb 12 - HO2+H<=>H2+O2
Rf 28 - CO+O2<=>CO2+O
Rf 2 - H2+O<=>OH+H
Rf 1 - H+O2<=>OH+O
Rf 3 - H2+OH<=>H2O+H

45.27
42.58
5.46
5.173
0.6622

Rf 3 - H2+OH<=>H2O+H

Rf 1 - H+O2<=>OH+O

Rf 2 - H2+O<=>OH+H

Rf 28 - CO+O2<=>CO2+O

Rb 12 - HO2+H<=>H2+O2

4 6.64043×10-7 1200. H
O

Rf 1 - H+O2<=>OH+O
Rb 12 - HO2+H<=>H2+O2
Rf 28 - CO+O2<=>CO2+O
Rf 2 - H2+O<=>OH+H

27.79
26.7
26.5
12.18

Rf 2 - H2+O<=>OH+H

Rf 28 - CO+O2<=>CO2+O

Rb 12 - HO2+H<=>H2+O2

Rf 1 - H+O2<=>OH+O

5 4.45471×10-6 1200. H
O

Rf 1 - H+O2<=>OH+O
Rf 2 - H2+O<=>OH+H

62.88
19.39

Rf 2 - H2+O<=>OH+H

Rf 1 - H+O2<=>OH+O

6 0.0000441018 1220.55
NaS
H
O

Rf 1 - H+O2<=>OH+O
Rf 2 - H2+O<=>OH+H
Rf 3 - H2+OH<=>H2O+H

51.02
21.17
11.67

Rf 3 - H2+OH<=>H2O+H

Rf 2 - H2+O<=>OH+H

Rf 1 - H+O2<=>OH+O

7 0.0000472151 1260.31

NaS
H
O
H2

Rf 1 - H+O2<=>OH+O
Rf 2 - H2+O<=>OH+H
Rf 3 - H2+OH<=>H2O+H

42.53
20.96
13.17

Rf 3 - H2+OH<=>H2O+H

Rf 2 - H2+O<=>OH+H

Rf 1 - H+O2<=>OH+O

8 0.0000477381 1271.88

NaS
H
O
H2

Rf 1 - H+O2<=>OH+O
Rf 2 - H2+O<=>OH+H
Rf 3 - H2+OH<=>H2O+H

Rf 10 - H+O2(+M)<=>HO2(+M)

40.88
20.86
13.3
5.435

Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 3 - H2+OH<=>H2O+H

Rf 2 - H2+O<=>OH+H

Rf 1 - H+O2<=>OH+O

9 0.0000479815 1277.92

NaS
H
O2
O
H2

Rf 1 - H+O2<=>OH+O
Rf 2 - H2+O<=>OH+H
Rf 3 - H2+OH<=>H2O+H

Rf 10 - H+O2(+M)<=>HO2(+M)

38.43
20.6
13.29
6.296

Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 3 - H2+OH<=>H2O+H

Rf 2 - H2+O<=>OH+H

Rf 1 - H+O2<=>OH+O

10 0.0000491772 1314.53

NaS
H
O2
O
H2
H2O

Rf 1 - H+O2<=>OH+O
Rf 2 - H2+O<=>OH+H
Rf 3 - H2+OH<=>H2O+H

Rf 10 - H+O2(+M)<=>HO2(+M)

33.3
19.67
12.75
7.762

Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 3 - H2+OH<=>H2O+H

Rf 2 - H2+O<=>OH+H

Rf 1 - H+O2<=>OH+O

11 0.0000493103 1319.36

NaS
H
O2
OH
O
H2
H2O

Rf 1 - H+O2<=>OH+O
Rb 1 - H+O2<=>OH+O
Rf 2 - H2+O<=>OH+H

Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 3 - H2+OH<=>H2O+H

30.39
18.81
12.13
10.23
8.35

Rf 3 - H2+OH<=>H2O+H

Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 2 - H2+O<=>OH+H

Rb 1 - H+O2<=>OH+O

Rf 1 - H+O2<=>OH+O

12 0.0000502275 1356.97

NaS
H
O2
OH
O
H2
H2O
CO2

Rf 1 - H+O2<=>OH+O
Rb 1 - H+O2<=>OH+O
Rf 2 - H2+O<=>OH+H

Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 3 - H2+OH<=>H2O+H

27.05
17.52
11.48
10.5
8.769

Rf 3 - H2+OH<=>H2O+H

Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 2 - H2+O<=>OH+H

Rb 1 - H+O2<=>OH+O

Rf 1 - H+O2<=>OH+O

13 0.0000503559 1362.81

NaS
H
O2
OH
O
H2
H2O
CO
CO2

Rf 1 - H+O2<=>OH+O
Rb 1 - H+O2<=>OH+O
Rf 2 - H2+O<=>OH+H

Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 26 - CO+OH<=>CO2+H
Rf 3 - H2+OH<=>H2O+H

22.94
15.26
12.63
10.64
10.45
8.447

Rf 3 - H2+OH<=>H2O+H

Rf 26 - CO+OH<=>CO2+H

Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 2 - H2+O<=>OH+H

Rb 1 - H+O2<=>OH+O

Rf 1 - H+O2<=>OH+O

region # time@ beginning T@ beginning Species Reactions Average PI [%] Bar Chart

1 0.0000513803 900.
H
O
HO2

Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 1 - H+O2<=>OH+O

Rf 28 - CO+O2<=>CO2+O

35.4
30.83
19.17

Rf 28 - CO+O2<=>CO2+O

Rf 1 - H+O2<=>OH+O

Rf 10 - H+O2(+M)<=>HO2(+M)

2 0.000123912 900. HO2
Rf 1 - H+O2<=>OH+O

Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 28 - CO+O2<=>CO2+O

34.03
33.09
16.

Rf 28 - CO+O2<=>CO2+O

Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 1 - H+O2<=>OH+O

3 0.00260922 900. HO2 Rf 1 - H+O2<=>OH+O
Rf 10 - H+O2(+M)<=>HO2(+M)

36.73
35.69

Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 1 - H+O2<=>OH+O

4 0.00901972 900.002 HO2
Rf 1 - H+O2<=>OH+O

Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 27 - CO+HO2<=>CO2+OH

38.01
37.03
12.13

Rf 27 - CO+HO2<=>CO2+OH

Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 1 - H+O2<=>OH+O

5 0.0242431 900.045 HO2
H2O2

Rf 1 - H+O2<=>OH+O
Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 27 - CO+HO2<=>CO2+OH

36.32
36.11
11.26

Rf 27 - CO+HO2<=>CO2+OH

Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 1 - H+O2<=>OH+O

6 0.0345474 900.274 HO2
H2O2

Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 1 - H+O2<=>OH+O

35.56
34.43

Rf 1 - H+O2<=>OH+O

Rf 10 - H+O2(+M)<=>HO2(+M)

7 0.0435632 900.919
NaS
HO2
H2O2

Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 1 - H+O2<=>OH+O

36.42
31.92

Rf 1 - H+O2<=>OH+O

Rf 10 - H+O2(+M)<=>HO2(+M)

8 0.0576672 904.771

NaS
H
HO2
H2O2

Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 1 - H+O2<=>OH+O
Rf 11 - HO2+H<=>2OH

37.93
29.58
11.23

Rf 11 - HO2+H<=>2OH

Rf 1 - H+O2<=>OH+O

Rf 10 - H+O2(+M)<=>HO2(+M)

9 0.0584542 905.757

NaS
H
O
HO2
H2O2

Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 1 - H+O2<=>OH+O
Rf 11 - HO2+H<=>2OH

38.1
28.71
13.36

Rf 11 - HO2+H<=>2OH

Rf 1 - H+O2<=>OH+O

Rf 10 - H+O2(+M)<=>HO2(+M)

10 0.0586682 906.306
H
O
HO2

Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 1 - H+O2<=>OH+O
Rf 11 - HO2+H<=>2OH

36.17
27.42
16.2

Rf 11 - HO2+H<=>2OH

Rf 1 - H+O2<=>OH+O

Rf 10 - H+O2(+M)<=>HO2(+M)

11 0.0589165 908.509 H
O

Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 1 - H+O2<=>OH+O
Rf 11 - HO2+H<=>2OH

29.9
27.4
18.08

Rf 11 - HO2+H<=>2OH

Rf 1 - H+O2<=>OH+O

Rf 10 - H+O2(+M)<=>HO2(+M)

12 0.0590093 915.732
NaS
H
O

Rf 1 - H+O2<=>OH+O
Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 11 - HO2+H<=>2OH

30.36
24.08
16.6

Rf 11 - HO2+H<=>2OH

Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 1 - H+O2<=>OH+O

13 0.059041 926.094
NaS
H
O

Rf 1 - H+O2<=>OH+O
Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 2 - H2+O<=>OH+H
Rf 11 - HO2+H<=>2OH

37.82
13.37
13.27
12.39

Rf 11 - HO2+H<=>2OH

Rf 2 - H2+O<=>OH+H

Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 1 - H+O2<=>OH+O

14 0.0590885 1000.35
NaS
H
O

Rf 1 - H+O2<=>OH+O
Rf 2 - H2+O<=>OH+H

Rf 10 - H+O2(+M)<=>HO2(+M)

42.94
16.88
4.228

Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 2 - H2+O<=>OH+H

Rf 1 - H+O2<=>OH+O

15 0.059097 1050.18
NaS
H
O

Rf 1 - H+O2<=>OH+O
Rf 2 - H2+O<=>OH+H
Rf 3 - H2+OH<=>H2O+H

Rf 10 - H+O2(+M)<=>HO2(+M)

42.44
18.72
10.71
2.986

Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 3 - H2+OH<=>H2O+H

Rf 2 - H2+O<=>OH+H

Rf 1 - H+O2<=>OH+O

16 0.0591028 1113.35
NaS
H
O

Rf 1 - H+O2<=>OH+O
Rf 2 - H2+O<=>OH+H
Rf 3 - H2+OH<=>H2O+H

38.48
19.25
12.11

Rf 3 - H2+OH<=>H2O+H

Rf 2 - H2+O<=>OH+H

Rf 1 - H+O2<=>OH+O

17 0.0591055 1159.21

NaS
H
O
H2

Rf 1 - H+O2<=>OH+O
Rf 2 - H2+O<=>OH+H
Rf 3 - H2+OH<=>H2O+H

35.25
19.49
12.63

Rf 3 - H2+OH<=>H2O+H

Rf 2 - H2+O<=>OH+H

Rf 1 - H+O2<=>OH+O

18 0.0591079 1216.06

NaS
H
O2
O
H2

Rf 1 - H+O2<=>OH+O
Rf 2 - H2+O<=>OH+H
Rf 3 - H2+OH<=>H2O+H

33.03
19.47
12.56

Rf 3 - H2+OH<=>H2O+H

Rf 2 - H2+O<=>OH+H

Rf 1 - H+O2<=>OH+O

19 0.0591085 1233.09

NaS
H
O2
O
H2

Rf 1 - H+O2<=>OH+O
Rb 1 - H+O2<=>OH+O
Rf 2 - H2+O<=>OH+H
Rf 3 - H2+OH<=>H2O+H

31.79
19.32
12.29
10.24

Rf 3 - H2+OH<=>H2O+H

Rf 2 - H2+O<=>OH+H

Rb 1 - H+O2<=>OH+O

Rf 1 - H+O2<=>OH+O

20 0.0591092 1254.64

NaS
H
O2
O
H2
H2O

Rf 1 - H+O2<=>OH+O
Rb 1 - H+O2<=>OH+O
Rf 2 - H2+O<=>OH+H
Rf 3 - H2+OH<=>H2O+H

30.59
19.06
11.91
10.5

Rf 3 - H2+OH<=>H2O+H

Rf 2 - H2+O<=>OH+H

Rb 1 - H+O2<=>OH+O

Rf 1 - H+O2<=>OH+O

21 0.0591095 1264.76

NaS
H
O2
O
H2
H2O

Rf 1 - H+O2<=>OH+O
Rb 1 - H+O2<=>OH+O
Rf 2 - H2+O<=>OH+H

Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 3 - H2+OH<=>H2O+H

29.32
18.68
11.41
10.72
9.043

Rf 3 - H2+OH<=>H2O+H

Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 2 - H2+O<=>OH+H

Rb 1 - H+O2<=>OH+O

Rf 1 - H+O2<=>OH+O

22 0.05911 1281.21

NaS
H
O2
OH
O
H2
H2O

Rf 1 - H+O2<=>OH+O
Rb 1 - H+O2<=>OH+O

Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 2 - H2+O<=>OH+H
Rf 3 - H2+OH<=>H2O+H

27.97
18.16
10.88
10.86
9.114

Rf 3 - H2+OH<=>H2O+H

Rf 2 - H2+O<=>OH+H

Rf 10 - H+O2(+M)<=>HO2(+M)

Rb 1 - H+O2<=>OH+O

Rf 1 - H+O2<=>OH+O

23 0.0591105 1298.37

NaS
H
O2
OH
O
H2
H2O
CO

Rf 1 - H+O2<=>OH+O
Rb 1 - H+O2<=>OH+O

Rf 26 - CO+OH<=>CO2+H
Rf 2 - H2+O<=>OH+H

Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 3 - H2+OH<=>H2O+H

26.78
17.61
10.96
10.44
10.11
9.156

Rf 3 - H2+OH<=>H2O+H

Rf 10 - H+O2(+M)<=>HO2(+M)

Rf 2 - H2+O<=>OH+H

Rf 26 - CO+OH<=>CO2+H

Rb 1 - H+O2<=>OH+O

Rf 1 - H+O2<=>OH+O

24 0.0591107 1307.25

NaS
H
O2
OH
O
H2
H2O
CO
CO2

Rf 1 - H+O2<=>OH+O
Rb 1 - H+O2<=>OH+O

Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 2 - H2+O<=>OH+H

Rf 26 - CO+OH<=>CO2+H
Rf 3 - H2+OH<=>H2O+H

23.39
15.63
12.23
10.94
10.74
9.123

Rf 3 - H2+OH<=>H2O+H

Rf 26 - CO+OH<=>CO2+H

Rf 2 - H2+O<=>OH+H

Rf 10 - H+O2(+M)<=>HO2(+M)

Rb 1 - H+O2<=>OH+O

Rf 1 - H+O2<=>OH+O

25 0.0591116 1344.16

NaS
H
O2
OH
O
H2
H2O
CO2

Rf 1 - H+O2<=>OH+O
Rb 1 - H+O2<=>OH+O

Rf 10 - H+O2(+M)<=>HO2(+M)
Rf 2 - H2+O<=>OH+H

Rf 26 - CO+OH<=>CO2+H
Rf 3 - H2+OH<=>H2O+H

20.81
14.08
13.07
12.68
10.32
9.05

Rf 3 - H2+OH<=>H2O+H

Rf 26 - CO+OH<=>CO2+H

Rf 2 - H2+O<=>OH+H

Rf 10 - H+O2(+M)<=>HO2(+M)

Rb 1 - H+O2<=>OH+O

Rf 1 - H+O2<=>OH+O

SYNGAS MECH (H2+CO/AIR) 
57 SPECIES 
269 REACTIONS 

ANALYSIS OF KINETICS ABOUT 
CROSSOVER TEMPERATURE 

(950K)



PREDICTION OF STRONG AND WEAK IGNITION REGIMES IN TURBULENT REACTING FLOWS WITH TEMPERATURE 
FLUCTUATIONS 
P.PINAKI, H. G. IM,P.P.CIOTTOLI,R.MALPICA,M. VALORANI 

A. Weak Ignition B. Strong Ignition 
(Reaction-dominant)

C. Strong Ignition 
(Mixing-dominant)

A 

C 

B 

Volumetric ignition 
(strong)

Localized ignition sites + 
deflagrative fronts (weak)
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Outcomes of Year 2
Journal	Articles

• GOAL:	To	predict	“strong”	and	“weak”	ignition	phenomena	in	
turbulent	reacting	flows	with	thermal	inhomogeneities.

Case A 
(Weak ignition)

Reaction front propagates by 
virtue of diffusion & convection: 
deflagration mode

Case B 
(Reaction-controlled strong ignition)

Reaction pockets occur by 
virtue of chemical reactions: 
spontaneous ignition mode

Reaction zone occur after 
mixing is completed: mixing-
controlled strong ignition mode

Case C 
(Mixing-controlled strong ignition)
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• H.N.Najm,	M.Valorani,“Enforcing	positivity	in	intrusive	PC-UQ	methods	for	reactive	ODE	
systems”,	Journal	of	Computational	Physics	270	(2014)	544–569	

Uncertain Reactive ODE Systems



GdR DIMA - 6 Febbraio 2017

• R.Malpica	Galassi,	M.Valorani,	H.N.Najm,	C.Safta,	M.Khalil,	P.P.Ciottoli,		“Chemical	Model	
Reduction	under	Uncertainty”,	paper	submitted	to	36th	Symposium	Combustion	2016.	

Chemical Model Reduction under Uncertainty
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• R.Malpica	Galassi,	M.Valorani,	H.N.Najm,	C.Safta,	M.Khalil,	P.P.Ciottoli,		“Chemical	Model	
Reduction	under	Uncertainty”,	paper	submitted	to	36th	Symposium	Combustion	2016.	

Chemical Model Reduction under Uncertainty
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• G-Scheme	with	re-use	of	CSP	basis

Solvers for Systems of Stiff ODEs
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Uniroma1 & NTUA Contribution
How	CSPTk	runs
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Uniroma1 & NTUA Contribution
What	comes	out	from	CSPTk


