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ABSTRACT – The frictional performance of 

compression ring-cylinder liner system (CRCL) is 

studied under starved lubrication. By considering the 

surface roughness and compression ring conformability, 

a mixed lubrication model is presented to investigate the 

frictional behaviors of CRCL with deformed liner. An 

oil transport model is employed to determine the inlet 

position of oil film. On this basis, the effects of liner 

deformation and ring profile on the tribological 

performance of CRCL are studied. Results show that the 

liner deformation and ring profile have great influence 

on the frictional performance. 

 

1. INTRODUCTION 

In internal combustion engines (ICEs), about 20% 

total friction loss is caused by the friction in CRCL [1]. 

Reducing the friction in CRCL is much more 

important for ICEs to improve the fuel efficiency. In 

order to improve the fuel efficiency maximally, more 

and more attention has been paid to the frictional 

characteristics of CRCL.  

Zhang et al. [2] investigated the effects of 

compression ring face shape on the lubrication 

performance of CRCL under hydrodynamic lubrication 

regime. However, a mixed lubrication regime is usually 

encountered at piston dead centers. Ma et al. [3] and 

Morris et al. [4] investigated the effects of surface 

roughness and ring profile on the performance of CRCL 

with circular liner under mixed lubrication regime. 

However, the liner is usually deformed because of the 

high thermal loads [5]. Usman et al. [6] investigated the 

effect of liner deformation on the lubrication of CRCL. 

The liner deformation was observed to have great 

influence on the performance. However, the fully 

lubrication was considered in their study. 

On the basis of the previous studies, the fully 

lubrication and circular liner are usually assumed in the 

analysis. In this paper, the frictional performance of a 

CRCL with deformed liner is investigated under starved 

lubrication.  A mixed lubrication model and oil transport 

model are presented to evaluate the frictional 

performance in CRCL. On this basis, the effects of ring 

profile and liner deformation on the minimum oil film 

thickness and power loss of CRCL are investigated. 

2. METHODOLOGY 

2.1 Governing equation 

Figure 1 shows the schematic diagram of CRCL. 

The oil film pressure p considering surface roughness 

can be described by the average Reynolds equation.  
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Where μ and ρ are the oil viscosity and density, φx and 

φy are the pressure flow factors, φs and φc are the shear 

flow and contact factors, U is the speed of ring. h is the 

oil film thickness, and it can be expressed as: 

 0 ring linerh h h h= + +

                          

  (2)  

Where h0 is the minimum oil film thickness, hring is the 

gap caused by the face profile of barrel-shaped ring, 

hliner is the gap caused by the liner deformation [6].  
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 Figure 1 Schematic diagram of CRCL. 

 

2.2    Oil transport model 

Under starved lubrication, the ring is not 

completely covered by oil. The inlet position of oil film 

is important for the lubrication analysis, and it can be 

determined by the flow conservation equation [1]. 

in in
supply supplyx x x x

q q Uh
= =

= =                       (3) 

Where hsupply is the oil film thickness left on liner, xin is 

the inlet position of oil film.  

 

2.3    Performance parameters 

The friction force and power loss are written as: 

total oil aspf f f= +
                               

(4)
 

Where foil is the hydrodynamic friction. fasp is the 
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asperity friction, and it can be calculated according to 

the Greenwood-Tripp asperity model [6]. 

The power loss of CRCL can be evaluated as: 

loss totalP f U=

                                    

(5) 

 

3. RESULTS AND DISCUSSION 

Figure 2 shows the minimum oil film thickness 

and power loss for the circular and deformed liners. It 

can be seen that the minimum oil film thickness and 

power loss are decreased when the liner is deformed. 

Therefore, the liner deformation should be considered. 

Figure 3 shows the minimum oil film thickness 

and power loss for various crown heights of ring. As 

shown in Figure 3, higher minimum oil film thickness 

can be obtained for smaller crown height at the power 

stroke. At the middle of intake, compression, and 

exhaust strokes, the crown height is found to have less 

effect on the minimum oil film thickness, and lower 

power loss is observed for higher crown height. 
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Figure 2 Performance of circular and deformed liners: 

(a) minimum oil film thickness; (b) power loss. 

 

4. CONCLUSION 

The liner deformation and ring crown height have 

great influence on the frictional performance of CRCL. 

Smaller minimum oil film thickness and power loss are 

observed for the deformed liner. Higher minimum oil 

film thickness is obtained for smaller crown height of 

ring at power stroke. The power loss decreases with the 

increase of crown height at intake, compression, and 

exhaust strokes. 
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Figure 3 Performance of CRCL for various crown 

heights: (a) minimum oil film thickness; (b) power loss. 
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