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Theoretical and Experimental Study on Thermal Fluid Characteristics of
Textured Hydrodynamic Bearing
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Abstract: In recent years, surface texture has attracted the attention of scholars as an effective means to improve the working
performance of bearings. Although many studies have been conducted on textured bearings, most are based on isothermal
assumptions. To investigate the effects of surface texture on the lubrication characteristics of hydrodynamic bearings, considering the
thermal fluid coupling factor provides a more accurate representation of the actual operating conditions of the bearing. Taking a
hydrodynamic bearing with three surface textures (rectangle, triangle, and circle) as the research object, a textured bearing
thermo-fluid coupling model was established by combining the Reynolds, energy, viscosity-temperature, oil film thickness, geometric
characteristics equations of different textures, and the Reynolds pressure boundary condition. The finite difference method was used
to discretize the equations, and a program was written to solve the coupling model. When the program calculation result meets certain
precision requirements, the oil film pressure field and temperature field distributions and bearing characteristic parameters can be
obtained. The bearing and texture parameters from the existing literature were input into the model for calculation, and the calculation
results were compared. It was found that the error was within an acceptable range, which verifies the accuracy of the coupling model.
On this basis, the effects of the texture shape, depth, oil inlet temperature, and other factors on the thermal fluid lubrication
characteristics of textured bearings were analyzed. The results show that surface texture effectively reduces the oil film temperature
rise and improves the lubrication performance and load carrying capacity of the bearing. Different textures have different effects on
the thermal fluid characteristics of bearings. Among the three different texture forms (rectangle, circle, and triangle), the rectangular
texture exhibits the best lubricating performance. When the eccentricity is 0.2, the bearing capacity of the rectangular textured bearing

improves by 15% compared with that of the smooth bearing, while the friction factor decreases by 17.6%. When the eccentricity is
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low, the surface texture can improve the working performance of the bearing and reduce friction; however, it has an adverse effect on

the bearing under high eccentricity. The texture depth affects the bearing lubrication characteristics. An optimal texture depth exists

that maximizes the bearing capacity of the textured bearing and minimizes the friction factor. The inlet temperature also has a

significant influence on the thermal fluid characteristics of the textured bearing. With the increase in the inlet temperature, the

characteristic parameters of the bearing continuously decrease, but the rate gradually slows down. In the experimental study, textured

bearing specimens were prepared using a laser marking machine, and the texture shape and size were detected using a

three-dimensional topography instrument. Then, bearing specimens that met specific requirements were selected, and the working

condition test was conducted in the modified friction and wear testing machine. A thermal imager was used to photograph the

lubricating oil temperature of the bearing oil inlet at a fixed position. The comparison of experimental and theoretical results showed

good agreement, which verifies the rationality and accuracy of the conclusions.

Keywords: surface texture; hydrodynamic bearing; thermal fluid; characteristic parameter; experimental study
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Fig. 1 Schematic diagram of textured dynamic bearing
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Table 1 Bearing and texture parameters in Ref. [21]

Parameter Value
Bearing radius / mm 25
Bearing width / mm 40
Radius clearance / mm 0.1
Eccentricity ratio 0.7
Lubricating oil density / (kg + m™) 860
Initial oil temperature / C 40
Initial viscosity / (Pa ¢ s) 0.027 7
Texture shape Trough
Texture length / mm 20
Texture width / mm 2
Texture depth / mm 0.6
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Table 3 Texture parameters in specimens

Texture Texture size /
. Texture
Specimen type depth / um area (mm X mm)

Pl H ratio / % or radius / um
Smooth 0 0 0
Rectangular texture 1 20 9 350X350
Rectangular texture 2 35 9 350X350
Circular texture 20 9 200
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