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Abstract: In order to study on contact state and sealing performance of low-stiffness expanding rotary seal ring, two
kinds of seal rings, untextured ring and V-shape grooved ring, were investigated. A fluid-structure coupling model for
the rotary seal rings was developed, based on the finite element analysis software COMSOL, and the sealing state was
analyzed. Also, friction torque and leak rate of the seal rings were tested on a test rig. Simulated results showed that,
under external loads, the deformation of PEEK seal rings significantly influenced the distribution of contact and fluid
pressure on the sealing faces. Experimental results showed that, due to hydrostatic load carrying in grooved area, the
friction torque of V-shape grooved ring was about 40% lower than that of untextured ring, whereas the leak rate was
10% more owing to the reduction of local radial sealing width. The friction torque of neither rings decreased with
rotational speed, indicating no obvious hydrodynamic friction reduction on the end face of the seal rings under test
conditions. The research results provided further understanding of the sealing mechanism of the expanding rotary seal
ring and guide the design of new seal rings.
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(a) Figure of the rotary seal ring
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Fig. 1 Schematic diagram of the expanding rotary seal
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Fig. 2 Flow chart of fluid-structure interaction analysis
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Fig. 3 Mesh and boundary conditions of seal ring in solid mechanics module
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Fig. 4 Test device for empirical model and the fitting results
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Table 1 Parameters for simulation

Parameters Specification
Inner radius of the seal ring, R;/mm 59.6
Outer radius of the shaft, R,/mm 62.35
Outer radius of the seal ring, Ry/mm 62.5
Thickness of the seal ring, B/mm 2.6
Young’s elastic modulus of PEEK, E;/GPa 3.7
Young’s elastic modulus of 38CrSi, E,/GPa 206
Poisson’s ratio of PEEK 0.2
Poisson’s ratio of 38CrSi 0.3
0il density at 20 °C, p/(kg/m’) 876
Viscosity index of oil 161
Dynamic viscosity of oil at 65 °C, n/(Pa‘s) 0.0311
Dynamic viscosity of oil at 30 °C, 5¢/(Pa‘s) 0.123 5
Oil temperature in simulation, 7/°C 65
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(a) Drawing of V-shape grooved ring
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Fig. 8 Effect of working condition on friction torque of the seal rings
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Fig. 9 Fluid pressure and contact pressure on sealing end face of the two rings (p;=1.0 MPa, 7=65 °C)
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Fig. 10 Comparison between experimental and simulated results of friction torque (7=65 °C)
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