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Molecular dynamics (MD) simulations are used to investigate the rheology of liquids under severe tribological 
conditions with the aim to extract constitutive laws for an improved continuum modelling of friction in 
lubricated contacts. In particular, viscosities of linear and branched alkanes at high pressure (up to ~1GPa) and 
high temperature are studied. Combining Stokes-Einstein, free volume, and random walk concepts results in an 
accurate viscosity model for the considered P and T. All model parameters (hydrodynamic radius, random walk 
step size, and step frequency) are extracted from equilibrium MD via microscopic ensemble averages. 
Furthermore, the rheology in nano-scale tribo gaps is considered and quantified via (semi) empirical models. It 
is then demonstrated how the predictability under boundary lubrication conditions can be improved by 
implementing these microscopically derived expressions in a Reynolds solver. 
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1. Introduction 

Knowledge-based design and optimization of liquid 
lubricants require a quantitative modeling of their 
rheological properties under relevant tribological 
conditions. For instance, lubricants in roller element 
bearing and gear applications are subject to pressures of 
the order of GPa, which can also result in nanometer thin 
sizes of the tribo-gap. Traditional empirical viscosity 
models (such as Barus or Roelands equations) fail under 
such severe conditions indicating that improved viscosity 
models for the extreme boundary lubrication regime 
should be based on physical insights from microscopic 
mechanics.  

2. Methods 

In this study the lubricant rheology under typical severe 
tribological conditions is studied by means of MD 
simulations. In the first part, the focus in on the prediction 
of viscosities under high pressure and temperature 
conditions for typical base oil constituents, namely linear 
and branched alkanes [1]. Results from theoretical 
modeling based on an extensive structure evaluation of  
 

 
Figure 1. (1-6) Self diffusion process of a branched 𝐶30𝐻62 molecule (surrounding liquid not shown); 

(upper-left) free volume ansatz for the diffusion 

coefficient of different alkanes (colors = different 

molecule structures); (lower-right) viscosity scaling law 

based on structure analysis (from Ref.[1]) 

 

the MD trajectories are presented: the Stokes-Einstein  
relation is combined with free volume and random walk 
concepts for the molecular self-diffusion, which results 
in an accurate viscosity scaling law for the considered P 
and T (Figure 1). All model parameters (hydrodynamic 
radius, random walk step size, and step frequency) are 
calculated from equilibrium MD via microscopic 
ensemble averages.  
Moreover, tribological contacts in boundary lubrication 
were studied (Figure 2): the load carrying capacity and 
shear stress are determined from both MD simulations 
and Reynolds calculations for direct comparison. 
 

 
Figure 2: Example setup for the study of lubricant nano-

rheology in a converging gap geometry.  

3. Discussion 

The proposed expression for the density dependence of 
high-pressure high-temperature viscosities for complex 
hydrocarbons contains only very few parameters, which 
are all explicitly connected to accessible molecular 
structure properties. Consequently, this scaling law 
allows a parameter-free prediction of lubricant viscosities 
in the high pressure and temperature regime.  
Furthermore, it is demonstrated on a nanoscale model 
system including surface roughness how such 
microscopically derived rheological models can be 
directly implemented in a Reynolds solver to improve the 
predictability under boundary lubrication conditions. 
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