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RESEARCH ON SHAFT-END SEALING PERFORMANCE
OF HYDROGEN CIRCULATION PUMP BASED ON THE
MODIFIED PTFE LIP SEAL

ABSTRACT

As one of the core components in the hydrogen supply system of
hydrogen fuel cells, hydrogen circulation pumps operate under challenging
conditions characterized by high temperature, high rotational speed, large
flow rate, elevated medium humidity, and stringent sealing requirements.
Consequently, shaft-end leakage poses a significant challenge to their
application in hydrogen fuel cell systems. Building upon existing shaft-end
lip seals for hydrogen circulation pumps, this study proposes an integrated
aluminum alloy skeleton modified PTFE lip seal. A combined approach of
finite element numerical simulation and experimental validation is
employed to systematically and thoroughly investigate the sealing
performance of this novel design in practical engineering applications. The
influence of various parameters and surface textures on sealing
performance is explored, with analyses focusing on contact pressure,
frictional stress, deformation, and shaft-clamping force of the seal,

followed by experimental validation of shaft-clamping force and leakage
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velocity.

(1) The structure and sealing mechanism of the modified PTFE lip
seal are introduced. A solid-thermal coupled finite element analysis model
is established, considering the combined effects of medium pressure and
lip deformation. Boundary conditions are applied based on the operating
parameters of a specific hydrogen circulation pump, and the analytical
workflow for the seal is detailed.

(2) The sealing performance is analyzed under varying structural
parameters (including interference, lip width, lip thickness, and lip edge
radius), material parameters (Young’s modulus and friction coefficient),
and operational parameters (medium pressure and rotational speed). The
trends of maximum contact pressure, frictional stress, deformation, and
shaft-clamping force under different parameter combinations are
investigated. Results reveal that structural parameters significantly
influence sealing performance, with interference exhibiting the most
pronounced effect. For instance, when interference increases from 0 to 0.05
mm, the maximum frictional stress at the lip increases from 5.89x10-3 MPa
to 0.86 MPa.

(3) Two distinct surface textures—concentric circular and spiral
patterns—are designed, and their sealing performance is comparatively
analyzed under different parameters. Results demonstrate superior sealing

performance in the concentric circular textured seal. Further structural

VI
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optimization reveals that a four-concentric-circle configuration at the lip
achieves optimal sealing performance across diverse operating conditions.

(4) A comprehensive static-dynamic pressure sealing test bench is
developed for modified PTFE lip seals. Experimental researches on static
and dynamic sealing performance are conducted using the four-concentric-
circle textured seal. The analytical values of shaft-clamping force/moment
show minor deviations from experimental results (average difference:
16 %), confirming the accuracy of the numerical model. Dynamic sealing
tests over 50 hours reveal a 36 % reduction in leakage velocity, decreasing
from 0.95 ml/min at 10 hours to 0.61 ml/min at 50 hours, thereby validating
the feasibility of the proposed seal design.

This research provides critical guidance for the design of modified
PTFE lip seals in hydrogen circulation pump shaft-end applications. It
establishes a theoretical foundation for optimizing lip geometry, selecting
sealing materials, and enhancing sealing performance under both static and
high-speed dynamic operating conditions.

Fu Xuebin(School of Mechanical and Automotive:Engineering)

Supervised by Yan Wei and-Professor-Pan Jiabao

KEY WORDS: Modified PTFE, Contact pressure, Surface texture,

Sealing performance, Lip seal
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