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1. Introduction 

Recent advancements have shown that ultra fine bubbles(hereinafter "UFBs"), particularly when dissolved in water, can act as 

friction modifiers, especially noted in chemical engineering applications[1]. In lubrication, we have reported that UFBs generated 

by an ultra-fine pore method reduce piston friction in engine oil[2]. Additionally, in sliding bearings, testing has demonstrated up to 

a 20% reduction in friction torque with UFBs-containing lubricants [3]. This study investigates how varying the length of the UFB 

generation device affects piston friction work, using a floating liner engine.  

 

2. Experimental Methods 

The ultra-fine pore UFB generator used in this experiment utilizes porous carbon ceramics. Compressed air fed into the device 

is released into the liquid through the porous interface, and the force of the liquid flow generates bubbles by shear exfoliation before 

the bubbles grow to a large size, which is less than several tens of micrometers. These bubbles then contract to the nanoscale due 

to their own surface tension. In this experiment, SAE viscosity grade 0W-20 was used. 

 

3. Floating liner engine and experimental condition 

In this test, a floating liner engine was used for friction force measurement. This engine is a single-cylinder, 4-stroke gasoline 

engine with a bore of 80.5 mm and a stroke of 88.3 mm. The cylinder liner of this engine has a dual structure with an outer liner 

and an inner liner. A total of 12 axial force sensors are installed to measure frictional force. The frictional force generated on the 

sliding surface of the inner liner was measured at each crank angle by these three axial force sensors.   

 

4.  Results (Effect of differences in operating conditions on friction characteristics) 

Figure 1 shows the average effective pressure of piston system 

friction (FMEP) at IMEP 800 kPa for various engine speeds, along 

with the friction reduction rates for different nanobubble 

generation conditions. For UFB200 mm, it was confirmed that 

friction increased by approximately 10% at 1000 rpm. On the other 

hand, with UFB400 mm and UFB600 mm, where the amount of 

generation was increased, friction increased by 5%, but a tendency 

for reduced friction was observed compared to UFB200 mm. At 

1500 rpm and 2000 rpm, a friction reduction effect of about 10% 

was achieved with UFB200 mm. The friction reduction effects for 

UFB400 mm and UFB600 mm were almost equivalent, but it was 

confirmed that the friction reduction effect was expanded compared to UFB200 mm. 

 

5.  Conclusions 

It was confirmed that the friction increase was reduced at 1000 rpm and the friction reduction was increased at 1500 rpm and 

2000 rpm by increasing the generating length from 200 mm to 400 mm. The friction reduction effect of changing the length of 

generation saturated at 400 mm. From this, it is expected that the UFB generation conditions are almost the same at 400 mm and 

600 mm. In order to elucidate the reason why the friction reduction effect is limited to a specific crank angle, we will continue to 

investigate the relationship between the oil film thickness and the amount of UFBs generated.  
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Fig. 1  FMEP comparison in each rpm at IMEP 800 kPa 
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