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LES EquationsLES Equations
Filtered variableFiltered variable
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Scalars (equal diffusivity) 
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SGS Closures (Smagorinsky)
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Flamelets (Peters 80’s)
CMC (Klimenko, Bilger 90’s)

Joint PDF (Pope 80’s)
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Subgrid PDF or FDF (density weighted)

Probability of observing values of the scalar in                αααα φφφ dY +≤≤
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Linear Mean Square Estimation (LMSE) or Interaction with the Mean (IEM)
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Eulerian Monte Carlo FieldEulerian Monte Carlo Field
((ValiValiñño 1998)o 1998)

PDF represented as ensemble of Stochastic Fields (SF)
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Transport equation of stochastic fields (SPDE)
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Summary SF model

Pros Cons

(vs. Lagrangian PDF)

Easy to implement
Statistics easy to obtain
No interpolation error

(vs. assumed PDF models)

More physics 
No assumptions chem-turbulence

(vs. Lagrangian PDF)

Spatial discretization error

(vs. assumed PDF models)

Cost
Statistical error , Nf low



Reaction Reaction 
NumberNumber

AA
mol cm s Kmol cm s K

bb EE
cal molcal mol--11

HH22/O/O22 Chain ReactionsChain Reactions

11 H + OH + O22 ↔↔ O + OHO + OH 1.9E+141.9E+14 0.0. 1643916439

22 O + HO + H22 ↔↔ H + OHH + OH 0.508E+050.508E+05 2.672.67 62906290

33 HH22 + OH + OH ↔↔ HH22O + HO + H 0.216E+090.216E+09 1.511.51 34303430

44 O + HO + H22O O ↔↔ OH + OHOH + OH 2.97E+062.97E+06 2.022.02 1340013400

Dissociation/Recombination HDissociation/Recombination H22/O/O22

55 HH22 + M + M ↔↔ H + H + M H + H + M 4.577E+194.577E+19 --1.41.4 104380104380

66 O + O + M O + O + M ↔↔ OO22 + M+ M 6.165E+156.165E+15 --0.50.5 00

77 O + H + M O + H + M ↔↔ OH + M OH + M 4.714E+184.714E+18 --11 00

88 H + OH + M H + OH + M ↔↔ HH22O + MO + M 2.21E+222.21E+22 --22 00

Formation and consumption HOFormation and consumption HO22/H/H22OO22

99 H + OH + O22 + M + M ↔↔ HOHO22 + M+ M 1.475E+121.475E+12 0.0. 823823

1010 HOHO22 + H + H ↔↔ HH22 + O+ O22 1.66E+131.66E+13 0.0. 295295

1111 HOHO22 + H + H ↔↔ OH + OHOH + OH 7.079E+137.079E+13 0.0. 00

1212 HOHO22 + O + O ↔↔ OO22 + OH+ OH 0.325E+140.325E+14 0.0. --497497

1313 HOHO22 + OH + OH ↔↔ HH22O + OO + O22 2.89E+132.89E+13 0.0. 1198211982

1414 HOHO22 + HO+ HO22 ↔↔ HH22OO22 + O+ O22 4.2E+144.2E+14 0.0. --16291629

1515 HH22OO22 + M+ M↔↔ OH + OH + MOH + OH + M 2.951E+142.951E+14 0.0. 4843048430

1616 HH22OO22 + H + H ↔↔ HH22O + OHO + OH 0.241E+140.241E+14 0.0. 39703970

1717 HH22OO22 + H + H ↔↔ HOHO22+ H+ H22 0.482E+140.482E+14 2.2. 79507950

1818 HH22OO22 + O + O ↔↔ OH + HOOH + HO22 9.55E+069.55E+06 0.0. 39703970

1919 HH22OO22 + OH + OH ↔↔ HOHO22 + H+ H22OO 5.8E+145.8E+14 0.0. 00

Mueller-H2
Mechanism

9 species
19 reactions



Test Case I (Test Case I (MarkidesMarkides))

Turbulence
Grid

Hot Air

Ujet

Uair

Tair =  960-1000 K
Tjet = 750 K

Ujet    = 26-120 m/s
Uair  = 26 m/s

djet = 2.25 mm
lgrid = 3 mm

Ret =  90-160

Computational 
domain

160 x 70 x 48 (Cylindrical)
Nfields=8

Jet
Y(N2)=0.87
Y(H2)=0.13

Inflow BC
Synthetic turbulence 
Klein et al. (1998)H2/N2 



Bulk behaviourBulk behaviour

Flashback

Random spots

No Ignition

Lifted Flame

Ujet

Computational 
simulations Tair



Animation (U=26 Animation (U=26 m/sm/s T=960 K)T=960 K)



Animation (U=70 Animation (U=70 m/sm/s T=960 K)T=960 K)





Results IResults I
Ujet=26 m/s T=960 K

HO2OH



Results IIResults II

Ignition LengthMaximum T



TestTest--Case II  (Case II  (CabraCabra flame)flame)

Vjet = 107 m/s
Vair = 3.5 m/s
Tjet = 305 K
Tair = 1045 K
Re = 23650
D= 4.57 mm
Air
X(O2)=0.147
X(N2)=0.7532
X(H2O)=0.0989
Jet
X(N2)=0.75
X(H2)=0.25

Grid (cylindrical)
coarse
160 × 80 × 48

PDF
8-16 fields

CPU Cost
(coarse 8 fields)
PDF   960 CPUh
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ConclusionsConclusions

Model capable, Model capable, ““acceptableacceptable”” resultsresults
Random spot regime elusiveRandom spot regime elusive
Increase Number of fieldsIncrease Number of fields
Very sensitive to air Temperature errors.Very sensitive to air Temperature errors.
Few experimental dataFew experimental data
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