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Abstract: A novel surface structure which combines spiral groove (SG) at inner side, wave-tilt
(WTD) at outer side and annular dam at center is proposed (SG-WTD) to solve the problem such
as surface rub-impact, leakage aggravation and dynamic instability of non-contacting mechanical
seals during startup, pressure fluctuation and shafting disturbance. Meanwhile, this new surface
structure is compared with traditional SG and WTD for leakage and vibration reducing. A
mathematical model coupling tribology and dynamic system under disturbance conditions is
established. Then, the Reynolds equation considering JFO boundary, flow factor, contact factor
and squeeze item, the Jackson-Green asperity contact equation as well as the dynamic equations of
flexible mounted ring are solved simultaneously based on the operating conditions. Finally, the
transient responses of three surface structures are analyzed comparatively taking the bearing

capacity, leakage rate and film thickness as the main indexes. Results show that the novel SG-
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WTD structure has excellent sealing performance and stability under various disturbing

conditions. Its leakage rate always remains at the lowest level during startup and it has higher

separation speed about 500 r/min compared with WTD. SG-WTD structure has significant

stability under pressure fluctuations, and the maximum disturbance of film thickness is only 3

pm. The contact force and leakage rate are reduced by 12 kN and 400 L/h, respectively,

compared with SG. This study may provide a reference for surface structure optimal design and

stability improvement under disturbance conditions.

Keywords: mechanical seal; surface structure; transient characteristics; disturbance condition;

stability
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