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Colloquium No 555 Scientific Report  
 

Euromech colloquium 555 

 

Small scale numerical methods for multiphase flows 

 

Date: august 28-30th, 2013 

Place: Pessac, France, Amphithéatre Larochefoucault, ENSAM 

Organization: Stéphane VINCENT 

Co-organization: Ruben SCARDOVELLI, Martin SOMMERFELD 

 

The numerical simulation of multi-phase flows involving immiscible phases 

generally considers the interaction between an ambient fluid and another 

phase (solid particles, droplets, bubbles, films, sprays, jets). Either deformable 

grids, which are adapted to the interface, or fixed grids, with an independent 

representation of the interface, such as front-tracking, volume-of-fluid, level-

set and phase-field, can be used to investigate these flows.  

 

The goal of the colloquium was to provide an overview of the latest numerical 

methods and application field for the direct numerical simulation of multi-

phase flows that were achieved with different mathematical models such as 

Navier-Stokes, Boltzmann, or Smooth-Particle Hydrodynamics. Different 

physical aspects of the multi-phase flow were emphasized, in particular 

concerning the numerical representation of the capillary forces with constant 

and variable surface tension, phase change, wettability and contact lines. 

More complex phenomena involving magnetic fields, liquid atomization by 

plasma or multi-fluid representation of three phase flows with air, water and 

vapour were also presented for the first time. Another important contribution 

of the the colloquium was the interest of the lecturers to turbulence modelling 

in multi-phase flows, with special attention given to direct numerical 

simulation, large-eddy simulation and also the multi-scale modelling of multi-

phase flows.  

 

Another important issue was the sharing of experiences between code 

developers in the field of numerical methods for the simulation of multi-phase 

flows at small scales. Interesting new developments were presented for 

interface tracking, immersed boundary methods and representation of mass 

and momentum preserving discretization. The validation test cases suitable to 

be simulated to be confident into numerical results were a common research 

interest present in most of the presentations. Notifications of stiff problems 

remaining to be addressed in the near future were also discussed such as the 

load balancing in mpi computations for adaptive mesh refinement techniques 

and mesh adaptation or coupling between various interface tracking methods 

(VOF-Level Set-Front Tracking). 

 

The colloquium was structured into three main topics, i.e. interfacial flows, 

particulate flows and complex interfacial problems coming from real 

applications. In this way, various typical multi-phase flow problem and 

potential applications were treated in a wide spectrum including jet 

atomization in engines, chemical exchangers, energy production, 

environmental flows, plasma material manufacturing, microfluidics, … 
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Finally, the successful goal of this colloquium was to bring together 

developers and users of different models, numerical approaches and codes to 

share their experience in the development and validation of the algorithms 

and discuss the difficulties and limitations of the different methods and their 

pros and cons. The focus was mainly on fixed-grid methods. However 

adaptive and unstructured grids were present in several academic and 

industrial research works with the aim to compare and validate the different 

approaches. The three invited lectures were delivered by international 

speakers invited by the organizing committee in the field of numerical 

representation of interfaces in multi-phase flows (S. Zaleski), particulate 

flows (M. Sommerfeld) and coupling between particles and turbulence (S. 

Balachandar). 

 

A selection of about ten contributions has been proposed for publication in a 

special issue of Computers and Fluids. A regular reviewing process is under 

progress to have a final publication of the special issue in 2014. 


