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The proposed PhD topics pertain to computational approaches for multiphase flows. 
 
1. Modelling of turbulent flows with a disperse phase. 
   Two-phase flows with small particles are common in environment (aerosol transport, sediment dynamics in water, 
microphysics of clouds) and industry (cyclone separators, pulverised coal burners, spray combustion). The interest is 
focused on modelling turbulent dispersion of particle in the statistical approach and, as well as the sub-grid scale 
dispersion while the larger-scale structures of turbulent flow are resolved. Possible ramifications include the turbulence 
modulation by particles or collision-coalescence phenomena. 
 
2. Computational methods for flows with interfaces. 
    Gas-liquid or liquid-liquid systems often feature deformable interfaces that need to be resolved or tracked in the flow, 
accounting for surface tension effects and possible changes of the flow structure. Examples are: near-wall and pool 
boiling, bubbly flows, gas-oil-water flows in pipelines, liquid jet atomisation. To model such flows, Eulerian-based 
approaches with the interface capturing may be applied. However, specific numerical schemes need to be investigated 
for solution on fixed or dynamically-refined spatial grids. A fully Lagrangian formalism may be used as well, such as 
Smoothed Particle Hydrodynamics (SPH). 
 
3. Numerical modelling of flow thermomechanics in granular media. 
   The practical motivation comes from the biomass  pyrolysis or coking of coal. The Lattice Boltzmann Method (LBM) is 
used to simulate flow, heat transfer and chemical species on a mesoscale level of a few grains. LBM has recently 
become a recognised numerical tool for modelling the thermomechanics of viscous fluids in complex geometry (here: 
grains of temperature-affected shape). An open research topic is the account of stresses at the grain surface 
(fluid-structure interaction), plastic deformation and modelling of chemical reactions, also of heterogeneous type. 
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Lewandowski M.T., Li Z., Parente A., Pozorski J.: Generalised Eddy 
Dissipation Concept for low local Damkoehler and Reynolds numbers 
in MILD combustion regime. Part 2: validation of the model.  Fuel

Lewandowski M.T., Parente A., Pozorski J.: Generalised Eddy 
Dissipation Concept for low local Damkoehler and Reynolds numbers 
in MILD combustion regime. Part 1: model framework development.  
Fuel
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Olejnik M., Pozorski J.: A Robust Method for Wetting Phenomena 
Within Smoothed Particle Hydrodynamics. Flow, Turbulence and 
Combustion

Kajzer A., Pozorski J.: Application of the Entropically Damped Artificial 
Compressibility model to direct numerical simulation of turbulent 
channel flow. Computers & Mathematics with Applications 

Lewandowski M.T., Płuszka P., Pozorski J.: Infuence of inlet 
boundary conditions in computations of turbulent jet flames. 
International Journal of Numerical Methods for Heat and Fluid Flow 
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Research project SHENG1, National Science Centre: "Numerical modeling of 
dispersed turbulent flows considering particle-scale interactions". Coordinator: 
IMGW-PIB Warsaw; Partner: IMP PAN

Research project H2020 Marie Skłodowska-Curie ITN-EID: “Next-Generation 
Computational Methods for Enhanced Multiphase Flow Processes”.  
Coordinator: University of Udine (Italy); Partners: TU Wien (Austria), IMP PAN, 
Euro Heat Pipes (Belgium), ESTECO (Italy).
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i You may select up to two disciplines out of 12 disciplines represented in the Doctoral School
ii Observe the limit of not more than 2000 characters
iii Leave only one answer
iv Select the role in the project: PI stands for principal investigator (refers to the holder of an independent grant and the lead
researcher for the grant project), Co-I for co-investigator (Co-I assists the principal investigator in the management and
leadership of the research project), R for researcher

v Add any other relevant information e.g. awards for PhD students whom you supervised (no more than 1600 characters)

Awards presented to doctoral students: 
 
- Dr. Michał T. Lewandowski (2019) 
  First prize (out of 35 candidates ) in Prof. J. Elsner contest at 23rd Fluid Mechanics Conference (Sept. 2018);  
  the most prestigious young-researcher award in fluid mechanics on the national level, awarded  biannually. 
 
- Dr.  Kamil Szewc (2013) 
  The double PhD diploma of the co-tutelle type (Poland/France). The thesis was presented (as one out of six)  
  in the final stage of the European-level da Vinci contest organised by ERCOFTAC for the best work  
  in the area of fluid mechanics, turbulence and combustion (Sept. 2013, Cambridge, UK). 
 
- Dr. Marta Wacławczyk (2007)  
  The doctoral degree was awarded with honours (Summa cum laude). It was next presented (Feb. 2008)  
  with the award of the Prime Minister of the Republic of Poland. 


