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Gas/ Liquid Medium Conditions
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Abstract: The Stirling engine employs an external combustion system that uses pure gas as the working medium in the cylinder
chamber, therefore, friction and wear between the piston ring and cylinder liner under gas lubrication remain problems that limit its
efficiency and life. It is well known that the cross-hatching pattern created using the honing process is a successful surface texture for
oil-lubricated internal combustion engines, however, to the best of our knowledge, research on using honing patterns for the Stirling
engines remains lacking. Compared to oil lubrication, the gas medium has a lower viscosity and is compressible. Additionally, the
piston rings of the Stirling engine are made of a soft PTFE-based material, which can undergo significant deformation during
operation. A model with idealized honing groove on the cylinder liner of the Stirling engine was specifically constructed to verify
whether honing patterns can be used to enhance aecrodynamic lubrication in the gas environment for decreasing the friction and wear

between the piston ring and cylinder liner. The developed model contains the ideal geometric parameters of the honing groove,
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including width, depth, pitch, and crossing angle, as well as several condition parameters, such as speed and ambient pressure. The
incompressible and compressible Reynolds equations were solved using the rigid boundary condition or coupling the elastic
deformation equation to obtain the hydrodynamic and aerodynamic pressures of the liquid and gas with / without considering the
deformation. This enabled comparing the performances of the idealized honing groove with gas or oil lubrication. Finally, the
difference between gas and oil lubrication was analyzed to realize a better surface texture design for the Stirling engine.

It is found that the elastic deformation of the PTFE material caused by hydrodynamic pressure in the liquid lubrication condition
had the same order of magnitude as the film thickness, which resulted in a significant decrease in hydrodynamic pressure. The elastic
deformation caused by aerodynamic pressure was considerably smaller than the film thickness, therefore, the elastic deformation can
be ignored while using gas lubrication. For the effect of sliding speed, the results indicate that under rigid boundary conditions, the
load-bearing capacity of the liquid film increased linearly with speed, while under elastic boundary conditions, it increased with a
convex function of speed. The load-bearing capacity of the gas film increased as a concave function of speed, indicating that the
load-bearing capacity of the gas film was enhanced at high speed. The optimal parameters for the grooves in liquid lubrication and gas
lubrication were also different. The optimal ratio of the groove width over pitch for the rigid boundary in liquid lubrication was
0.5-0.65, and for the elastic boundary, it was 0.4-0.55. The optimal ratio of the groove width over pitch under the gas lubrication
condition was 0.3—0.4, which is obviously lower than that of liquid lubrication. This indicates that the groove texture should be sparser
in the gas lubrication condition. The above results demonstrate that honing texture can be used to improve the friction and wear

performances between the cylinder and piston rings of Stirling engine; however, its design parameters should be different from the

liquid lubrication conditions.

Keywords honing groove; gas lubrication; liquid lubrication; elastic deformation
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liner and piston ring
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Tablel Basic parameter values

Parameter Value

0.29 (piston ring)
190 (cylinder liner)
0.4 (piston ring)
0.3 (cylinder liner)
2.22x107° (gas)
0.061 (liquid)

Elastic modulus E / GPa
Poisson’s ration v

Viscosity of lubricant u / (Paes)

Sliding velocity U/ (m/ s) 1-5
Ration of groove width over pitch 1 0.1-0.8
Groove depth 4, / pm 0-10
Cross hatch angle 30°-150°
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