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Abstract

For the mechanically sealed surfaces that have been refined with micro-texturing, a hydrodynamic
simulation model of the liquid film within the seal clearance, featuring four distinct micro-texturing
shapes—cylindrical, circular platform, square, and prismatic platform—has been developed. This
model is grounded in the principles of fluid dynamic pressure lubrication theory, which takes into
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account the phenomenon of cavitation. By employing Fluent, a computational fluid dynamics solver,
the study investigates how variations in rotational velocity and the depth of the micro-texture affect
the mechanical seal’s load-carrying capacity and friction coefficient. The findings indicate that, un-
der identical operating conditions, an increase in rotational speed can enhance the load-carrying
pressure of the liquid film and decrease the friction coefficient. This, in turn, amplifies the dynamic
pressure effect. The simulation outcomes reveal that the circular platform-shaped micro-texture
offers a significant advantage. A judicious adjustment in the depth of the micro-texture structure
can effectively boost the mechanical seal’s bearing capacity and reduce the friction coefficient. The
liquid film pressure exhibits a pattern of initial increase followed by a decrease as the depth of the
micro-texture structure increases. The pressure reaches its zenith when the micro-texture depth is
30 pum. It is noteworthy that while the liquid film pressure peaks at a micro-texture depth of 30 pm,
the circular platform microstructure is more influenced in this regard than the prismatic micro-
structure. Regarding the friction coefficient, it initially decreases and then increases with the in-
creasing depth of the microstructure. The friction coefficient achieves its minimum at a microstruc-
ture depth of 30 pm. The simulation data suggest that an optimal microstructure depth of 30 pm is
ideal, as it affords the sealing gap’s liquid film the greatest load-carrying capacity and the lowest
friction coefficient. This optimal depth is independent of the microstructure’s shape, signifying that
the circular platform, square, and prismatic platform micro-textures all perform equally well when
optimized at a depth of 30 um.
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Figure 1. Textured surface mechanical seal model
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Figure 2. (a) Cavitation representation of surface microstructures; (b) Pressure distribution
of the lubricating film on the microtextured surface
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Figure 3. Computational model of friction pairs with microstructures of different shapes
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Figure 4. Three-dimensional computational model of the lubricating film
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Table 1. Operating parameters of the seal ring
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Figure 5. Pressure distribution of the lubricating film for microstructures of different shapes
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Figure 6. The impact of rotational speed on the pressure of the lubricating film and the friction coefficient
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Figure 7. The influence of micro-texture depth on the pressure of the lubricating film and the friction coefficient
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