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Within the European Marie Curie Network MINILUBES a group of three partners focuses on 

modelling and simulation. By taking up the atomistic to the macroscopic point of view, molecular 

dynamics, micro-contact and fluid mechanics are employed to create reliable models with the ultimate 

goal to gain a thorough understanding of how ionic liquids behave when used as lubricants in contact 

with different kind of surface topographies. Here porous journal bearings serve as the typical application.  

At the molecular level, the prediction of the thermo-physical and tribological properties of the 

ionic lubricants is based on the results of molecular-dynamics simulations. Among other things, these 

allow for the establishment of structure-property relations. Particular focus lies on the bulk properties of 

these liquids, such as liquid-state structure and diffusion coefficients. The ordering and interactions of the 

lubricant with the surfaces are analysed by confining the liquid between two surfaces. Finally, shear is 

imposed upon the surface-liquid system in order to calculate molecular friction forces at the solid-liquid 

interface. The contact of the operating surfaces may cause high-pressure and temperature conditions 

which significantly affect the viscosity of the lubricant. The viscosity predicted on the atomistic scale is 

intended to be used at a larger scale for the characterisation of the micro- and macroscopic behaviour for 

a wider range of pressures and temperatures.   

On larger scales, i.e. within the framework of continuum mechanics, the effects of cavitation in 

porous journal bearings impregnated with ionic liquids are evaluated under conditions of hydrodynamic 

lubrication. Numerical simulations based on a conservative discretisation of the advanced self-consistent 

mathematical model, which incorporates the nonlinearities of the lubricant flow undergoing cavitation, 

are performed with the aim to obtain the pressure and density distributions. The flow through the porous 

matrix is described in a classical manner; nevertheless, a more refined resolution of the porous network 

by means of homogenization techniques relying on empirical information, obtained by e.g. image 

processing tools, is on the way. For low to average loads converged solutions are obtained, whereas for 

rather high loads short-wavelength oscillations occur, which indicates a breakdown of pure hydrodynamic 

lubrication and leads to the conclusion that the system operates in the regime of mixed/elasto-

hydrodynamic lubrication. Hence, at this point an extension of the present approach towards is required.  

In the mixed-lubrication regime, the investigation of the load compliance behaviour of rough 

surfaces in locally planar contact shall deepen the (still unsatisfactory) understanding of local asperity-

asperity contact. Hydrodynamic lubrication is adapted to take into account the obstruction of flow brought 

by the interaction of rough surfaces and the presence of pores. This extension of the model aims at 

determining the hydrodynamic load support in a more realistic manner. The model also takes into account 

the highly non-Newtonian behaviour of ionic liquids under extreme temperature and pressure conditions 

as predicted by molecular dynamics. The final rigorous description of the physical system can be applied 

to journal bearings in general, where particular interest is placed on porous sintered bearing seats. Here 

also an investigation of the effective elastic modulus of porous material is required. 

In a summary, multi-scale simulations are performed in order to predict the behaviour of ionic 

liquids in tribological systems. Modelling and simulation prove to be important tools that together with 

experiments carried out by other research groups provide a complete investigation of ionic liquids as 

potential lubricants, and thus contribute to the development of high-performance tribological systems. 
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