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Abstract

In this paper, the thickness of the liquid film attached to the surface of the piston rod and the lea-
kage during the reciprocating process is used as the evaluation indicators of the lubrication and
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sealing performance. Thicker liquid film attached to the surface of the piston rod will make the
sealing lubrication better. This helps reduce the wear of the sealing ring. However, when the me-
dium contains tiny hard particles and the liquid film thickness is thicker than the particle diame-
ter, the hard particles will be entrained in the liquid film and enter the reciprocating sealing sur-
face to accelerate the wear of the sealing material. In this paper, through theoretical deduction,
the liquid film thickness on the piston rod is only related to the contact pressure of the sealing
surface. Then, the finite element analysis was carried out on the V-ring of the high-pressure piston
pump by ANSYS. The contact pressure distribution of different structural parameters was calcu-
lated. And the lubrication and leakage of the V-ring of different structural parameters were ob-
tained. The research results can provide basis and reference for the design, selection and struc-
tural optimization of V-ring.
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Figure 1. Schematic diagram of V-ring seal of plunger pump
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Figure 2. Piston seal and dynamic sealing surface liquid film pressure distribution
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Figure 3. Two-dimensional axisymmetric finite
element model of piston rod packing seal
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Table 1. Structural parameters of each component
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Figure 4. Mesh of the model
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Figure 5. Contact pressure distribution curve of sealing surface
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Table 2. The wg, wg of contact pressure curve
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Figure 6. Contact pressure measuring device for the sealing ring
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Table 3. The wg, we of contact pressure curve
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Table 5. Changes of liquid film thickness and leakage with external interference
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Table 6. Changes of liquid film thickness and leakage with internal interference
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Table 7. Changes of liquid film thickness and leakage amount with lip angle
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