
7th World Tribology Congress, WTC 2022 
   July 10-15, 2022, Lyon, France 

 

Visualization and Evaluation of Grease Flow on Raceway  
by Particle Image Velocimetry 

Keigo Nishizawa1), Ryosuke Sato1), Haruka Iki2) 

Kazumi Sakai2), Reo Miwa1) and Norifumi Miyanaga3)* 

 
1)Graduate School of Kanto Gakuin University, Japan 
2)Lubricants R&D Dept., ENEOS Corporation, Japan 

3)Faculty of Science and Engineering, Kanto Gakuin University, Japan 

*Corresponding author: miyanaga@kanto-gakuin.ac.jp 

 

In this study, a novel method for visualizing and evaluating grease flow on the raceway after the ball passed, 
using particle image velocimetry (PIV), was examined. By the PIV method, different types of greases were 
tested and their flow properties were discussed. The results revealed that the type and size of thickener strongly 
affected the grease flow on the ball-raceway. In some cases, the thickener was crushed by the ball and adhered 
on the raceway, where the flow speed was slow.  
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1. Introduction 

Grease lubrication has been widely used in various 
rolling element bearings, and it is well known that grease 
flow on the raceway affected the bearing torque [1]. 
However, the flow of grease in the bearings is 
complicated, and hence it is not easy to sort out the 
bearing performance from conventional evaluation 
methods, such as rheological measurements.   
    In this study, a novel method to visualize and evaluate 
the grease flow after the ball passed, using the PIV, was 
examined. In addition, different types of greases were 
tested and their flow properties were discussed with their 
rheological properties.  

2. Material and methods 

2.1 Experimental device 

    Figure 1 shows a schematic image of the experimental 
device used in this study. The rotational speed of a ball 
(AISI52100) and disk (Sapphire glass) are controlled 
with different motors. The grease flow is observed by a 
high-speed camera.  
 

2.2 Experimental condition 

    The experiments were performed under the pure 
rolling condition. The applied loads were 3N (Hertz 
pressure: 0.48GPa) and 50N (Hertz pressure: 1.2GPa), 
and the circumferential speed was changed from 0.2 to 2 
m/s. In this study, aliphatic urea, alicyclic urea, and 
lithium greases (base oil: Poly-α-olefin, thickener content 
15%) were tested. Fluorescent tracer particles with an 
average size of around 4μm were mixed. Each 
experiment was performed by applying grease to the disk 
with a thickness of around 10μm. The image was taken 
for 0.1seconds immediately after the disk was stopped. 
The frame rate was set to 1000fps.  

3. Results and discussion 

    Figure 2 shows results for the alicyclic urea greases A 
and B. The thickener size of Grease B was controlled at 
10µm or less, which is smaller than that of Grease A. It 
was confirmed that in Grease A, the thickener was 

 
Figure 1: Schematic of experimental device 

 

 
(a) Grease A                 (b) Grease B 

Figure 2: Images of grease flow analysis 

(alicyclic urea, 0.4m/s, 3N, 5laps)  
 

crushed and adhered on the raceway, where the flow 
speed was slow. In contrast, Grease B composed of 
smaller thickeners actively flowed on the raceway. 

4. Conclusions 

    In this study, the grease flow after the ball passed was 
visualized and the flow velocity distribution was 
obtained by PIV. This method can clarify the difference 
in flow properties on the raceway, depending on grease 
types and operating conditions.  
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