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Abstract: This investigation addresses the issue of premature failure or damage to bearing components in aeroengines,
which often results from the release of dissolved gases in the lubricant due to environmental pressure changes during
operation. Employing the three-dimensional Reynolds equation and focusing on an ideal lubricating oil, a lubrication
model for the engine camshaft’s oil film was developed. The formation and extent of gaseous voids within plain
bearings were analyzed. The study systematically explored how fit clearance and lubricating oil viscosity influence oil
film pressure and thickness. It was found that a reduced fit gap increases the oil film pressure gradient while decreasing
the film’s thickness. Additionally, although variations in lubricating oil viscosity do not affect the distribution of
oil film thickness, they significantly impact the pressure exerted on the oil film, with higher viscosities leading to
increased pressures. These findings provide essential theoretical guidance for the safety assessment of aeroengine
plain bearings.
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1 Introduction

As aerospace technology advances, the performance demands on aeroengines, which are crucial for powering
aircraft, are steadily increasing. The engine’s lubrication system is engineered to distribute lubricating oil to every
bearing and gear within the engine, minimizing friction among components. It also dissipates considerable heat via
the circulation of the lubricating fluid, thereby guaranteeing the engine’s long-term stability and ensuring the aircraft’s
safety and reliability [1]. In the engine, the sliding bearing supports the high-speed rotation of the rotor shaft. Bearing
lubrication can effectively reduce the loss caused by resistance and achieve a better cooling effect [2]. The lubrication
bearing is a critical component of engines; its lubrication efficiency influences the engine’s operational state. Both the
oil film pressure and oil film thickness are pivotal in determining the lubrication effectiveness of plain bearings [3].
Consequently, studying the lubrication characteristics, oil film pressure, and oil film thickness of plain bearings is
essential.

Allen and Raeymaekers [4] utilized a soft elastohydrodynamic lubrication model to explore microstructures
and found that maximum oil film thickness occurs with tissue densities between 10% and 40% and texture ratios
between 1% and 14%. They noted that in full oil film lubrication, film thickness is largely independent of the bearing
surface’s stiffness. Currently, research on oil film thickness primarily employs numerical calculations. By formulating
dynamic equations for lubricating oil, researchers study variations in oil film thickness and pressure under different
conditions and loads. Additionally, some scholars apply the Reynolds equation to examine bearing lubrication
characteristics [5—-8]. Typically, bearing dynamics research initially focuses on determining the pressure of the bearing
oil film, often investigated through solving the Navier-Stokes equation using CFD software [9-12]. Zi et al. [13]
performed steady-state calculations on plain and step bearings using CFD software, addressing the inertia terms and
viscosity changes traditionally neglected in the Reynolds equation. Dong et al. [14] assessed the effects of dynamic
pressure and eccentricity on the static characteristics of bearings through studies on radial static pressure gas bearings.
Chapkov et al. [15] conducted numerical simulations to determine the distribution of lubricating oil film thickness,
finding that film thickness increases with rolling speed. Hu et al. [16] used the multiphase flow VOF method for
numerical research on the oil-gas phase of oil-jet lubricated bearings, discovering uneven distribution of oil and
gas, with the minimum oil volume fraction appearing near the nozzle’s upstream side. Sakai et al. [17] explored
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temperature distribution under transition and insufficient lubrication conditions using two-phase flow computational
fluid dynamics, finding minimal heat generation by shear friction under transition lubrication with bearing and oil
supply temperatures nearly identical. Under insufficient lubrication, air from the oil supply tank creates a circulating
flow, cooling the bearing’s side end and controlling the center temperature. Shirzadegan et al. [18] observed higher
pressure and reduced film thickness during their analysis of the elastic hydrodynamic lubrication of CAM and roller
self-tests, highlighting the importance of camshaft design in piston engines and lubrication characteristics study of
plain bearings. Under ideal conditions, main factors influencing the bearing capacity of the lubricating oil film include
bearing clearance and oil viscosity. However, under high-speed rotation, cavitation in the pressure oil film can occur,
altering film thickness and bearing capacity along the circumference. Harry et al. [19] discussed cavitation phenomena
in lubricating oil films using CFD software, analyzed thermal effects through fluid-structure coupling technology,
and evaluated the influence of shaft locus on heat transfer. Thus, as the supporting medium in clearance lubrication,
lubricating oil’s viscosity is influenced by external factors such as heat, and due to shaft pressure, dissolved gases in
the oil may escape, forming gaseous voids and impacting the lubrication characteristics of plain bearings.

This paper focuses on oil film pressure and thickness as its primary research subjects. It simulates the impact of
varying fit clearances on the oil film pressure and thickness during high-speed rotation of plain bearings. Additionally,
the study accounts for the effects of different lubricating oil viscosities. The model presented is designed to have
universal applicability.

2 Numerical Model
2.1 Finite Element Model

The three-dimensional model of the oil film was established. Considering the cavitation of the oil film, the
two ends of the oil film were considered to be connected with the atmosphere, and the air pressure was zero. The
eccentricity between the rotating shaft and the journal was set at 0.6, the inner diameter of the rotating shaft was

26.18 mm, the length of the oil film was 30 mm, and the rotating speed was 1200 rpm. The parameters of different
lubricating oils are shown in Table 1 and Figure 1.

Table 1. Different types of lubricating oil

Lubricating Oil Type SAE SAE SAE SAE SAE
SW-20 SW-30 10W-30 10W-40 20W-50
Density (g/ml) 0.859 0.859 0.858 0.867 0.874
ASTM D92 216 228 226 252
Kinematic viscosity (mm2/s) 8.3 10.3 10.3 15.7 19.5
ASTM D97 -42 -39 -39 -39 -27

Dynamic viscosity (Pa.s) 0.0071297 0.0088477 0.0088374  0.0136119  0.017043
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0 0
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z z
Figure 1. Finite element model for solving oil film pressure and thickness

2.2 Governing Equation

The pressure distribution inside the lubrication film is controlled by solving the time-dependent Reynolds equation,
which controls the flow of Newtonian fluids at thin interfaces between relatively moving surfaces. For incompressible
fluids without slip, the stationary Reynolds equation over a continuous range is given by:
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where, p represents the fluid density (kg / m3) , h represents the lubricant thickness (m), u represents the dynamic
viscosity of the fluid (Pa.s), p represents the pressure (Pa), a represents the inside diameter of the film (m), v,
represents the tangential velocity on the inside diameter (m/s), b represents the outside diameter of the film (m), and
vy, represents the tangential velocity on the inside diameter (m/s).

The rotating journal is treated as a fixed wall in the model, with the assumption that the pressure remains constant
across the entire thickness of the lubrication film. The gradient operator Vr is used to calculate the pressure
distribution on the surface of the lubricant. In this case:

p(Vrb-vp) — (Vra-v,)) =0 2
_ 13
Vo ( 1’2’2 Vop + p2h(va+vb)> ~0 3)

In the established oil film lubrication model, the lubrication layer thickness h is defined as:

h=c(1+¢ecosb) 4

where, ¢ = Rj, — R represents the difference between the bearing radius and the journal radius, € represents the
eccentricity rate, and 6 represents the polar coordinates of a point on the lubrication film.

The wedge gap between the bearing shell and the rotating shaft is the main geometric condition for the formation
of dynamic pressure in oil film. There is a convergent wedge gap and an open wedge gap along the rotating shaft
in the cylindrical bearing. One hypothesis [20] holds that there is a complete oil film in both wedges, that is, a
full-circumference oil film (Sommerfeld boundary condition); the other hypothesis holds that there is a complete oil
film in only convergent wedges, that is, a half-circumference oil film (half-Sommerfeld boundary condition). The
Sommerfeld boundary condition is used in this paper. Under this boundary condition, negative pressure will appear in
the calculation result of oil film pressure, which should be ignored in practice and considered as atmospheric pressure.

3 Result Analysis

The primary focus of this paper is divided into two main sections: the changes in oil film pressure and thickness
under varying fit clearances and different types of lubricating oils, which are extensively discussed in this section.

3.1 Effect of Fit Gap

When the lubricating oil viscosity is 0.017Pa*s and the clearance ¢=0.05 mm, 0.1 mm, 0.1215 mm and 0.15 mm,
the pressure distribution and thickness distribution on the oil film are calculated in Figure 2 and Figure 3.

As illustrated in Figure 2, the surface pressure of the oil film progressively declines as the fit gap increases. Owing
to the eccentricity of the rotating shaft, there is a concentration of pressure on the surface of the oil film, resulting in
an uneven distribution of surface pressure along the circumference of the oil film.

Figure 3 shows that the pressure distribution along the circumference of the oil film is uneven. This is attributed
to the use of different oil film boundary models, resulting in a negative pressure area on the surface of the oil film,
where the pressure is considered to be atmospheric. The surface pressure and thickness of the oil film decrease as the
fit gap increases, with the oil film thickness peaking in the middle of the oil film circumference.

From the calculation and analysis, it is evident that the oil film thickness and pressure distribution are not uniform
around the circumference of the oil film. The greatest deformation of the oil film occurs where it is thickest, and at this
location, the pressure equals the environmental pressure. This pressure drops to or below the saturation pressure for
the release of dissolved gases, leading to cavitation. The oil film thickness variation diagram indicates that larger fit
clearances result in greater oil film deformation and reduced stability. Furthermore, combining the findings from both
diagrams, we can conclude that smaller bearing clearances lead to thinner oil films, but the corresponding bearing
capacity increases. Similarly, a smaller fit gap results in higher oil film pressure.
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Figure 3. Changes of oil film pressure and thickness

3.2 Influence of Lubricating Oil Type

When oil flows within a confined space, the Marangoni effect, which arises from viscosity variations, also
influences the oil’s movement [21]. This section calculates the impact of oil viscosity on the lubrication system by
examining the bearing capacity and film thickness effects of five different types of lubricating oils.

The governing equation for the pressure on the oil film remains the same as that used for the fit clearance
calculations. Various types of lubricating oils are utilized to modulate the oil’s viscosity as a controlled variable. This
study investigates how different types of lubricating oil affect the surface pressure of the oil film. The viscosities of
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these oils are detailed in Table 1. With a matching gap of ¢=0.05 mm, the resulting pressure distribution and thickness
distribution on the oil film are presented as follows:
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Figure 4. Changes of oil film pressure under the first 4 kinds of viscosity lubricating oil

Figure 4 demonstrates that as the viscosity of the lubricating oil increases, the pressure on the surface of the oil
film also rises. Additionally, there is a localized concentration of pressure on the surface of the oil film, leading to an
uneven pressure distribution along the circumference of the oil film.
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Figure 5. Changes of oil film pressure and thickness

As shown in Figure 5, the greater the viscosity of the lubricating oil, the higher the pressure on the surface of the
oil film. However, the thickness of the oil film remains constant regardless of changes in oil viscosity. The maximum
thickness of the oil film is located in the middle, while the highest pressure occurs near both sides.

The calculations also reveal that the thickness distribution of the oil film is uneven across its circumference, and
variations in lubricating oil viscosity do not alter this uneven distribution. While the stability of the oil film remains
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unchanged, viscosity influences the pressure exerted on the oil film. Higher viscosity results in increased surface
pressure of the oil film.

4 Conclusions

This paper investigates the effects of fit clearance and lubricating oil type on the surface pressure and thickness
distribution of the oil film. By solving the Reynolds equation in three dimensions and incorporating a switch function
to manage the cavitation of the oil film, we have determined the variations in oil film pressure and thickness. The key
findings are as follows:

(1) As the mating gap increases, the pressure on the surface of the oil film decreases, and there is a localized
concentration of pressure near where cavitation of the oil film occurs.

(2) An increase in the viscosity of lubricating oil results in higher surface pressure of the oil film, although the
thickness of the oil film remains unchanged.

Data Availability

The data used to support the research findings are available from the corresponding author upon request.
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