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Abstract: In this paper, the contact mechanical seal was taken as the research object. Considering the friction heat of the
end face, a three-dimensional axisymmetric heat transfer model including the sealing ring and the seal chamber was
established. The heat transfer analysis was carried out by Fluent software. The flow field, temperature field, velocity
field and Nusselt Number (Nu) distribution of the sealing ring and the seal chamber were obtained. By analyzing the
flow field, flow pattern and temperature field of the texture and its surroundings, the convective heat transfer mechanism
of the texture was revealed. The influence of geometric factors such as depth-to-diameter ratio, row number, row
spacing, arrangement and direction angle of the equilateral triangle texture on the temperature of the end face were
studied, and the structural parameters of the equilateral triangle were optimized. The results showed that the texture of
outer circumferential surface of the rotating ring enhanced the convective heat transfer and reduce the overall

temperature of the sealing ring. The type, depth-to-diameter ratio, number and arrangement of the texture affected the
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heat transfer effect, among which the number of textures and the rotation angle had a great influence, and the triangular

texture had a strong heat transfer ability, which provided a theoretical basis for the optimization design and application

of high performance mechanical seals in the future.

Key words: contact mechanical seal; circumferential texture; convective heat transfer; structural optimization; face

temperature
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Fig. 1 Schematic diagram of contact mechanical seal
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Fig. 2 Geometric model and boundary conditions
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Table 1 Material properties of the sealing ring and
sealing medium

Materials KW/mK) plkg/m’)  c/(J/kgK) w/(Pas)
17-4PH(Stator) 18 7900 419 -
Carbon graphite(Rotor) 14 1825 670 -
C;Hg0, 0.29 1018.42 3200 0.007 05
Seal face

;
7. 3"

Fig. 3 Schematic diagram of the textured torus
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Fig.4 Diagram of related parameters
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Table 3 Grid independence verification

Number of grids Face average temperature/K Deviation/%
99 761 334.184 72 5.35%
310325 331.741 1.13%
507 342 331.228 49 0.25%
709 479 331.12532 0.07%
913 234 331.084 81 -
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Table 4 Boundary conditions

Related . Value
Definition .
parameters range Wi Velocity inlet W7 Pressure outlet

d/mm Diameter (Texture circumcircle diameter) 0.9 W2, W8~W9 Isothermal boundary W10~W13 Coupling surface

I}/ mm First line texture distance from the end face 1.2 W3~W6 Adiabatic boundary WS Heat generating surface
L/mm Line spacing between textures 0.6~1.3

h/mm Texture depth 0.03~0.18 N N

= by g i=]
n/min Rotating speed 1 800 23 Vl'ﬁﬁ/iﬁl‘l’ﬁ }"‘%E

Wing distance (the angle of the adjacent texture
al(°) 2~6

of the same row)
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Table 5 Related parameters of friction heat

|

| Selected solution type |

| Set convergence criteria

|

Solving energy equation, continuity
equation, kinetic energy equation, etc.

hether the
convergence criterion
is met or not

Output pressure field, velocity
field and temperature field
around the seal

Fig. 5 Flow chart of calculation
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Parameter Specification
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Table 6 Comparison of simulated values with experimental values

. . Experimental/K Simulation/K
Rotating speed/(r/min) - - — - - —
Non-textured ring Textured ring Deviation/% Non-textured ring Textured ring Deviation/%
1 800 335.95 330.05 0.84 338.78 334.05 1.2
2700 347.8 339.98 1.9 354.65 350.08 2.89
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Fig. 6 Temperature distribution of stator and rotator
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Fig. 8 Velocity of non-textured sealing ring and textured sealing ring
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Fig. 9 Distribution of Nusselt number on the outer side of non-textured and textured sealing ring
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(a) Velocity of triangular textures in X-Z plane
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Fig. 11 Distribution of velocity and Nusselt number of triangular texture
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Fig. 12 Flow field outside the texture
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Fig. 15 Definition of the angle of rotation
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Fig. 19 Velocity distribution of triangular texture at row spacing of 0.6 and 1.3 mm
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Table 7 Description of different texture arrangements

Number Arrangement Wing distance a (the texture closest to the end face is the first row) Row number Line spacing /mm
1 Staggered 2° 4 0.85
2 Straight line 1,3 rows of 2°, 2,4 rows of 6° 4 0.85
3 Straight line 3° 4 0.85
4 Straight line 1,3 rows of 3°, 2,4 rows of 6° 4 0.85
5 Straight line 3.25¢ 4 0.85
6 Straight line 3.5° 4 0.85
7 Straight line 3.75° 4 0.85
8 Straight line 4° 4 0.85
9 Straight line 1,3 rows of 6°, 2,4 rows of 3° 4 0.85
10 Straight line 1,3 rows of 6°, 2,4 rows of 2° 4 0.85
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