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MULTI-SCALE SIMULATION OF REACTIVE FLOWS IN THRUST CHAMBERS

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

MAIN TOPICS




TURBULENT COMBUSTION MODELING OF LABSCALE FLAMES (KAUST)



http://www.sandia.gov/TNF/DataArch/FlameA/SandiaPilotDoc21.pdf
http://www.sandia.gov/TNF/DataArch/FlameA/SandiaPilotDoc21.pdf
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FLAME INITIATION AND FORMATION




Detached Eddy Simulation shock unsteadiness in an over-expanded planar nozzle

E.Martelli, P.P. Ciottoli, M. Bernardini, F. Nasuti, S. Pirozzoli, M. Valorani
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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
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EXPLOSIVE MODE

AUTOMATIC GENERATION OF SIMPLIFIED KINETIC MECHANISMS



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




Volumetric ignition Localized ignition sites +
(strong) deflagrative fronts (weak)

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




Qutcomes of Year 2
Journal Articles

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

Case A Case B Case C

(Weak ignition) (Reaction-controlled strong ignition)  (Mixing-controlled strong ignition)
Reaction front propagates by Reaction pockets occur by Reaction zone occur after
virtue of diffusion & convection: virtue of chemical reactions: mixing is completed: mixing-
deflagration mode spontaneous ignition mode controlled strong ignition mode
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Uncertain Reactive ODE Systems

e H.N.Najm, M.Valorani,“Enforcing positivity in intrusive PC-UQ methods for reactive ODE
systems”, Journal of Computational Physics 270 (2014) 544-569
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Chemical Model Reduction under Uncertainty

e 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.
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Chemical Model Reduction under Uncertainty

® 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.
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Solvers for Systems of Stiff ODEs

® G-Scheme with re-use of CSP basis

GdR DIMA - 6 Febbraio 2017



Uniromal & NTUA Contribution
How CSPTk runs
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Uniromal & NTUA Contribution

What comes out from CSPTk
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