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Motivation

Ç Turbulent spray

ÁComplex multiphase flows where two distinguished phases mutually interact exchanging 

mass, momentum and energy in a turbulent environment.

ÁEvaporation, preferential concentration, mixing process, combustion, pollutant 

formationéé

ÁUnsteady, multiphase, multiscaleé

ÁA satisfied understanding? The capability to modeling? 

Ç Diluted regime

Á Dispersed droplets: Point-droplet approximation

Á No break-up : surface tension >> aerodynamic 
forces

Á No collision / coalescence : low volume fraction (ū
< ρπ )

Á 1-way or 2-way coupling method 

Á Main region occurring evaporation and combustion Sketch of various regimes in 

turbulent sprays [Jenny.2012]



Description of numerical approaches for turbulent flows
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Flow field in DNS

(Actual flow field)

Flow field in LES

Increase in resolution &  

computational cost

DNS LES RANS

Comparison between numerical 

methods for flow 

Flow field in RANS

Ç Basic tool for research

Ç Popular tools for 

industrial application

Á More flow details 

available

Á Decent 

computational cost



The question & our answer
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Ç Is it possible to further enhance the computational efficiency in LES approach?

Ç Is it possible to further improve the prediction accuracy in LES approach?

DNS LES

Parcel Model

Particle SGS 

Model

Convection

Diffusion

Evaporazition

Practical 

Application

◊ȟὣȟὝ

ӶὛȟӶὛȟӶὛ

Combustion

Eulerian 

Gas Phase 
Lagrangian

Dispersed Phase

Phase 

Phase 

Phase 



Numerical tool and Formulations for DNS

More details:Battista et al. PoF 2011 and Dalla Barba & Picano PRF 2018

Ç Numerical Tool: CYCLONE

ÁFully turbulent flow ÁCylindrical coordinate

ÁStaggered mesh ÁMPI parallelization

ÁLow Mach number NS & Point-droplet equations
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A sketch of the 3D cylindrical domain

ÇFormulations for DNS



ÁMonodisperse acetone droplets at the inflow (ὶȟ=6µm)

ÁTurbulent inflow with saturated gas (S=0.99, T=275 K)

ÁReynolds number : Re=2ὟὙ/ɜ=6,000 &10,000 (╤=8.1m/s&╤ =13.9 m/s)

ÁQuiescent environment of dry air

ÁNon-uniform mesh 46 M points 

Á~3M evaporating droplets with mass fraction ūå0.05

Benchmark simulation parameters 
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Ç Benchmark simulation parameters (DNS)

üThe preferential concentration is evident for both 

cases.

üA longer self-potential core is observable in 

Re=10,000 case.

Ç A qualitive view

Radial slices of instantaneous distribution for vapor 

mass fraction, ὣ , and vorticity.



DNS ïResults(1/2) 

üA longer 

vaporization 

length (99%) is 

shown in Re = 

10,000 case.

üThe 

ɮ exhibits a 

near-field hump 

shape along the 

center axis.
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Mean liquid mass fraction near the jet center axis, r/R<0.2

Mean liquid mass fraction, ɮ

Ç Mean field results


