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The behavior of viscosity index improver (VII) in engine oil depends significantly on base oil temperature and 
sliding speed. However, it is unclear whether hydrodynamic effect or thermal fluctuation is the dominant factor. 
Combined lattice Boltzmann method and Brownian dynamics method is used in coarse-grained simulation to 
understand the dominant effect among flow or fluctuations. It can be concluded that the influence of flow and 
fluctuations are comparable at the lower temperature, while fluctuations are more dominant at the higher 
temperature. 
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1. Introduction 

The addition of viscosity index improver (VII) polymers 
to engine oils enables the base oil to operate with high 
viscosity index. This effect is obtained by the behavior of 
VII in the base oil, and maintain effective hydrodynamic 
lubrication throughout the operating temperature range 
by controlling this behavior [1]. The hydrodynamic effect, 
temperature, shear rate and molecular weight together 
seem to control the effective behavior of the VII polymer 
in an engine oil and combined Lattice Boltzmann Method 
and Brownian Dynamics simulation presents an effective 
and new method to study this combined effect from a 
macroscopic view point [2].  The results in [2] suggested 
correlation between these environmental variables and 
the behavior of VII. However, it is not yet fully clear 
whether such behaviors are caused by hydrodynamic 
effect or thermal fluctuation. In this research, the fluid-
particle interaction and random forces acting on the VII 
molecule under thermal and shear environments are 
studied by coarse-grained simulation, and the magnitude 
of the effect of both forces is verified. 

2. Methods 

In this research, the flow of base oil and the motion of the 
VII molecule are modelled by the lattice Boltzmann 
method (LBM) and Brownian dynamics (BD), 
respectively. Equations (1) and (2) show the basic  
equations of the BGK model of LBM and the local 
equilibrium distribution function, and Equation (3) 
shows the Langevin equation, respectively. Equation (4) 
expresses the intensity spectrum of the random force. 
 

   𝑓𝑖(𝒙 + 𝒄𝑖  , 𝑡 + ∆𝑡) 

     = 𝑓𝑖(𝒙, 𝑡) − 1𝜏 [𝑓𝑖(𝒙, 𝑡) − 𝑓𝑖𝑒𝑞(𝒙, 𝑡)] + 𝐸𝑖 3𝐹𝑝𝒄𝑖𝐶 ∆𝑡    (1) 
 

  𝑓𝑖𝑒𝑞(𝒙, 𝑡) = 𝐸𝑖𝜌 [1 + 3𝒄𝑖 ∙ 𝒖 + 𝟗𝟐 (𝒄𝑖 ∙ 𝒖)𝟐 − 𝟑𝟐 𝒖 ∙ 𝒖] (2) 
 

  𝑚 𝑑𝑽𝑑𝑡 = 𝑭𝑅 + 𝑭𝐻 + 𝑭𝐶 + 𝑭𝐵                                           (3) 
 

 𝜀 = 6𝜋𝑎𝐾𝐵𝑇𝛾𝜂                                                          (4) 
 

In this analysis, a base oil with hexadecane and two 
polymers are placed in the analysis area. The temperature 

of the base oil was controlled at 371 and 311 K, and the 
shear rate was controlled at 1 m/s, 10 m/s and 100 m/s. 

3. Results and Discussion 

Figure 1 shows the time evolution of the dissipative and 
random forces in two different temperature fields at a 
sliding speed of 1 m/s. 

Figure 1: The total flow direction component of the 
dissipative and random forces at elapsed time 

 

The graphs show that both the dissipative and random 
forces are greater at lower base oil temperatures. This is 
due to the fact that the viscosity of the base oil at 311 K 
is almost twice as high as that at 371 K. The same 
tendency was observed at shear rates of 10 and 100 m/s, 
indicating that fluctuations have a significant effect on 
the VII molecule no matter how high the shear rate is. 
Therefore, when considering the behavior of particles in 
a fluid, it is necessary to take into account not only the 
effects of flow but also the effects of fluctuations. 
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