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This paper studies the effect of the dimple cross-sectional profile on the behavior of gas parallel slider bearings using the numerical method. The numerical method is performed in MATLAB software. The influence of geometrical parameters of dimples on the dimensionless average pressure is studied for different dimple cross-sectional profiles. The geometrical parameters of dimples include dimple depth, dimple area density, transversal textured ratio, and longitudinal textured ratio. It is found that the hydrodynamic lubrication of dimple-textured gas parallel slider bearings is controlled by the dimple depth, dimple area density, transversal textured ratio, longitudinal textured ratio, and dimple cross-sectional profile. Furthermore, the impact of sliding speed on the hydrodynamic lubrication is studied for different dimple cross-sectional profiles. The results indicate that the optimum sliding speed for maximizing the hydrodynamic pressure is controlled by the dimple cross-sectional profile.
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1 INTRODUCTION
The improvement of product performance could cause technological innovation (Mitrovic et al., 2014; Chen et al., 2017; Marinkovc et al., 2024). Surface texturing has been successfully used for the improvement of product performance. The role of surface texturing includes increasing the storage of the lubricant (Ibatan et al., 2015), increasing the load capacity (Murthy et al., 2007), improving the anti-wear ability (Mao et al., 2020), and reducing friction (Grützmacher et al., 2019). Recently, many studies have been conducted on textured products. Wu et al. (2023) applied three types of surface textures to the guidance of thrust ball bearings. It was shown that the oil storage of the bearing raceway could be increased by applying the surface texture to the guiding. By optimizing the parameters, Guo et al. (2023) studied the friction force, load force, and leakage of journal bearings with V-shaped textures. The optimization parameters included the ratio of the texture width, the angle of the texture, and the depth of the texture. Zhao and Zhang (2023) concluded that the surface texture had an important influence on the reduction effect of wear in non-magnetic plastic and brittle materials. By fabricating the chevron-shaped texture in different positions, Schnell et al. (2023) investigated the impact of partial texturing on the frictional behavior of journal bearings. They found that the textures located in the high-load region could produce the lowest friction. Wang et al. (2023) studied the behavior of elliptical bearings. They showed that the surface texture could reduce the end leakage. Boidi et al. (2021) found that the frictional behavior of the bearing could be improved by employing the fast texturing technique. Chen et al. (2021) established a mathematical model to study the behavior of mechanical seals with multi-scale composite textures. The results showed that the lubrication behavior of mechanical seals could be improved by means of surface texture. Feldman et al. (2007) optimized the texturing parameters in order to obtain the maximum stiffness and efficiency of the textured hydrostatic gas seal. Rajput et al. (2021) studied the impact of the surface texture on the piston ring. They found that the surface texture could reduce the friction of piston rings. Obikawa et al. (2011) investigated the impact of the surface texture on the tool rake face. The results showed that the surface texture could reduce the friction coefficient and friction force. Qiu et al. (2012); Qiu et al. (2013) investigated the effect of texture shape on the performance of fully textured gas parallel slider bearings. They found that surface texture could improve the load capacity and stiffness of gas parallel slider bearings and reduce the friction coefficient. However, Qiu et al. (2014) investigated the accuracy of the compressible Reynolds equation for predicting the local pressure of textured gas parallel slider bearings. Liu et al. (2021) investigated the performance of partially textured gas parallel slider bearings with orientation ellipse dimples. They showed that the long axis of the ellipse dimple should be placed parallel to the sliding direction to obtain the maximum average pressure. When the rarefaction effect was considered, Murthy et al. (2007) investigated the performance of textured gas parallel slider bearings.
The influence of groove cross-sectional profiles on the behavior of gas parallel slider bearings has been studied (Liu et al., 2023). However, the influence of the dimple cross-sectional profile on the behavior of gas parallel slider bearings has not yet been studied. This paper aims to study the influence of dimple cross-sectional profiles on the behavior of gas parallel slider bearings.
2 ANALYTICAL MODEL
The schematic diagram of gas parallel slider bearings with dimples is shown in Figure 1. The upper slider is fixed. The relative speed between two sliders is [image: image], and the lubricant between two sliders is the ideal gas. The dimples are partially textured in the upper slider. The minimum distance between the two sliders is [image: image]. Each dimple is marked with depth [image: image]. The length of the textured slider along the [image: image] direction is [image: image].
[image: Figure 1]FIGURE 1 | Schematic diagram of dimple-textured gas parallel slider bearings.
Figure 2 presents the schematic diagram of the upper slider. The lower slider is marked with length [image: image]. The upper slider has [image: image] ([image: image]; [image: image]) imaginary cells. The imaginary cells are marked with length [image: image] and width [image: image]. The textured length along the [image: image] direction is [image: image], and the textured length along the [image: image] direction is [image: image]. The radius of the dimple is [image: image]. In Figure 2C, the dimple cross-sectional profile is triangle. In Figure 2D, the dimple cross-sectional profile is rectangle. In Figure 2E, the dimple cross-sectional profile is parabolic.
[image: Figure 2]FIGURE 2 | Schematic diagram of the lower slider. (A) Dimple distribution on the lower slider surface, (B) dimple in an imaginary cell, (C) cross-sectional profile of a triangular dimple, (D) cross-sectional profile of a rectangular dimple, and (E) cross-sectional profile of a parabolic dimple.
The dimple area ratio is defined as
[image: image]
The transversal textured ratio is defined as
[image: image]
The longitudinal textured ratio is defined as
[image: image]
The lubrication equation of dimple textured gas parallel slider bearings is expressed as (Liu et al., 2021)
[image: image]
where [image: image] is the lubricant thickness, [image: image] is the hydrodynamic pressure, and [image: image] is the viscosity.
The dimensionless parameters are introduced by
[image: image]
where [image: image] is the atmospheric pressure and [image: image] is the referenced parameter.
The dimensionless lubrication equation of dimple textured gas parallel slider bearings is expressed as
[image: image]
where [image: image].
For the triangular dimples, the dimensionless lubricant thickness [image: image] is expressed as
[image: image]
For the rectangular dimples, it is expressed as
[image: image]
For the parabolic dimples, it is expressed as
[image: image]
where
[image: image]
[image: image]
[image: image]
Here, [image: image] is the dimensionless length of imaginary cells, [image: image] is the dimensionless width of imaginary cells, fix is the integer function, [image: image] is the dimensionless dimple depth, and [image: image] is the dimensionless slider length.
The dimensionless boundary condition is expressed as (Liu et al., 2021)
[image: image]
The multi-grid finite element method (Liu et al., 2021) is used to solve Equation 6, and the dimensionless average pressure [image: image] is obtained. The dimensionless average pressure [image: image] can be computed as
[image: image]
3 RESULT AND DISCUSSIONS
When the program is performed, some computing parameters are given as [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], and [image: image].
Figure 3 shows the pressure distribution of dimple-textured gas parallel slider bearings. It is observed from Figure 3 that the maximum pressure of gas parallel slider bearings with rectangular dimples is larger than that of gas parallel slider bearings with triangular dimples and parabolic dimples. This result implies that the pressure distribution of dimple-textured gas parallel slider bearings is controlled by the dimple cross-sectional profile.
[image: Figure 3]FIGURE 3 | Pressure distributions of gas parallel slider bearings ([image: image], [image: image], [image: image], [image: image], and [image: image]). (A) Triangular dimples, (B) rectangular dimples, and (C) parabolic dimples.
Figure 4 presents the effect of dimensionless dimple depth on the dimensionless average pressure for different dimple cross-sectional profiles. It is observed that the dimensionless average pressure first increases and then decreases with the increase in the dimensionless dimple depth. This result implies that there exists an optimum dimensionless dimple depth to maximize the dimensionless average pressure for different dimple cross-sectional profiles. For the triangle dimples, the optimum dimensionless dimple depth is 5; for the rectangular dimples, it is 2; and for the parabolic dimples, it is 3. Therefore, the optimum dimple depth for maximizing the average pressure is controlled by the dimple cross-sectional profile.
[image: Figure 4]FIGURE 4 | Effect of dimensionless dimple depth on the dimensionless average pressure for dimensionless dimple cross-sectional profiles ([image: image], [image: image], [image: image], and [image: image]).
The effect of dimple area density on the dimensionless average pressure is shown in Figure 5 for different dimple cross-sectional profiles. It is observed that the dimensionless average pressure increases with an increase in the dimple area density. Hence, the dimples should be fabricated as large as possible in order to obtain the maximum hydrodynamic pressure based on the actual processing technology.
[image: Figure 5]FIGURE 5 | Effect of dimple area density on the dimensionless average pressure for different dimple cross-sectional profiles ([image: image], [image: image], [image: image], and [image: image]).
Figure 6 presents the effect of the transversal textured ratio on the dimensionless average pressure for different dimple cross-sectional profiles. It is observed from Figure 6 that the dimensionless average pressure for [image: image] is larger than that for [image: image]. This result implies that partial texturing along the [image: image] direction could produce a larger hydrodynamic pressure than full texturing along the [image: image] direction. Therefore, partial texturing along the [image: image] direction may be a good choice for maximizing the hydrodynamic pressure. It is also observed from Figure 6 that the optimum transversal textured ratio for maximizing the hydrodynamic pressure is controlled by the dimple cross-sectional profile.
[image: Figure 6]FIGURE 6 | Effect of the transversal textured ratio on the dimensionless average pressure for different dimple cross-sectional profiles ([image: image], [image: image], [image: image], and [image: image]).
Figure 7 presents the effect of the longitudinal textured ratio on the dimensionless average pressure for different dimple cross-sectional profiles. It is observed that the dimensionless average pressure increases with the increase in the longitudinal textured ratio. This result implies that full texturing along the [image: image] direction could produce a larger hydrodynamic pressure than partial texturing along the [image: image] direction. Therefore, full texturing along the [image: image] direction may be a good choice for maximizing the hydrodynamic pressure.
[image: Figure 7]FIGURE 7 | Effect of the longitudinal textured ratio on the dimensionless average pressure for different dimple cross-sectional profiles ([image: image], [image: image], [image: image], and [image: image]).
Figure 8 presents the effect of sliding speed on the dimensionless average pressure for different dimple cross-sectional profiles. It is observed that the dimensionless average pressure first increases and then decreases with the increase in the sliding speed. This result implies that the sliding speed should not be chosen too large or too small in order to obtain the maximum hydrodynamic pressure. It is also observed that the optimum sliding speed for maximizing the hydrodynamic pressure is controlled by the dimple cross-sectional profile.
[image: Figure 8]FIGURE 8 | Effect of sliding speed on the dimensionless average pressure for different dimple cross-sectional profiles ([image: image], [image: image], [image: image], and [image: image]).
4 CONCLUSION
In this investigation, we identify the effect of the dimple cross-sectional profile on the behavior of gas parallel slider bearings using the numerical method. First, we identify the effect of cross-sectional profiles and dimple geometrical parameters on the hydrodynamic pressure of gas parallel slider bearings. The geometrical parameters of dimples include dimple depth, dimple area density, transversal textured ratio, and longitudinal textured ratio. Next, we identify the effect of cross-sectional profiles and sliding speed on the hydrodynamic pressure of gas parallel slider bearings. Based on the present investigation, the following findings are obtained:
(1) The optimum dimple depth for maximizing the average pressure is controlled by the dimple cross-sectional profile.
(2) The average pressure increases with the increase in the dimple area density.
(3) Partial texturing along the [image: image] direction could produce a larger hydrodynamic pressure than full texturing along the [image: image] direction. Full texturing along the [image: image] direction could produce a larger hydrodynamic pressure than partial texturing along the [image: image] direction.
(4) The optimum transversal textured ratio for maximizing the hydrodynamic pressure is controlled by the dimple cross-sectional profile.
(5) The optimum sliding speed for maximizing the hydrodynamic pressure is controlled by the dimple cross-sectional profile.
In essence, this investigation represents an effort to expand the research scope of surface texture. The findings of the present investigation are useful for the design of dimple-textured gas parallel slider bearings. In this paper, the surface roughness of gas parallel slider bearings is not considered. In subsequent research, we will study the effect of dimple cross-sectional profiles on the behavior of gas parallel slider bearings with surface roughness.
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