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ABSTRACT: The work aims to investigate the effects of surface texture design and non-Newtonian characteristics of
grease on sealing performance of grease seal pair, and obtain the optimal structural parameters and working conditions in
texture design. Based on the Herschel-Bulkley rheological model of grease and the principle of non-contact mechanical
seal, the viscose-temperature relationship of grease was fitted, and the linear groove texture was selected to establish the
end seal model. The pressure distribution, temperature distribution and apparent viscosity distribution of seal end face
flow field were obtained by numerical simulation. The influence law of different inclination angle and speed on seal
clearance flow field was analyzed, and other factors affecting leakage, such as grease temperature, groove number, length,
width, depth and seal clearance, were systematically explored.

The groove structure would produce fluid dynamic pressure in the flow field, forming a high pressure area and a low
pressure area, with the highest pressure of 1.75 MPa and the lowest pressure of —0.165 MPa. Under the effect of internal
friction of fluid, the average temperature of liquid film rose from 300 K to 324 K. The high pressure area blocked the flow
of fluid inward, and the low pressure area made part of the fluid reverse flow, which could reduce the leakage amount of
grease. At the same speed, increasing the inclination angle of the groove would increase the flow back, which would
change the flow field from leakage to reverse pumping. With different inclination angles, the change law of leakage with
speed was different: when the inclination angle was 30°, the leakage increased with the increase of speed; When the
inclination angle was 35°, the leakage was small and changed little with the speed; When the inclination angle was 40°
and the speed was greater than 2 000 r/min, the leakage was almost zero. When the inclination angle was greater than or
equal to 45° and the rotating speed was greater than 1 000 r/min, the fluid was pumped in reverse without leakage. The
sealing gap and the initial temperature of the medium were the main factors affecting the leakage, and the leakage
increased with the increase of the sealing gap and the temperature of the medium. To a certain extent, increasing the
number and length of grooves could also reduce leakage. The best texture parameters and working conditions were:
inclination angle 40°, number of grooves 14, groove length 8 mm, groove width 1.5 mm, sealing gap 0.03 mm, groove
depth 0.07 mm, temperature less than 320 K, speed greater than 2 000 r/min.

The results show that the surface texture design can effectively suppress the leakage of the fluid end face, and the
zero leakage of the end face seal can be achieved by the excellent structural parameters with appropriate rotational speed
and temperature conditions. The non-Newtonian characteristics of grease have significant effects on the flow field of the
seal pair, which will affect the sealing performance of the seal pair. Therefore, the non-Newtonian characteristics of fluid
should be considered in the subsequent design of the seal pair of grease.

KEY WORDS: grease; sealing; texture design; leakage control; sealing mechanism; non-Newtonian fluid
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Tab.1 Geometric and operating parameters

Parameters Values Parameters Values
Inner radius »;/mm 10 Groove number N 10
Outer radius r,/mm 20 Rotational speed n/(r-min") 5000
Groove length L/mm 7.5 Inner pressure p;/MPa 1
Groove width ///mm 2 Outer pressure p,/MPa 0.1
Groove depth h,/mm 0.06 Fluid density p/(kg-m™) 900
Seal clearance /,/mm 0.03 Initial temperature 7,/K 300
Inclination angle a/(°) 45
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Tab.2 Opening force under grids of different sizes

Grid size/mm Number of grids F/N
0.25 225335 757.42
0.2 347 860 757.86
0.15 626 790 757.73
0.1 1424 775 757.88
0.05 5725 835 757.82
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Fig.2 Grid and boundary conditions
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Tab.3 Parameters of Herschel-Bulkley equation
at various temperature

t/C 7,/Pa k/(Pa-s") n

25 542 286.40 0.43
45 350 136.51 0.45
65 283 43.25 0.48

85 132 27.44 0.49
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Fig.3 Relationship between apparent viscosity of
grease and temperature and shear rate
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