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Abstract: For the issues of liquid film vaporization in the diffuser self-pumping mechanical seals,
a fluid film vaporization calculation model was established based on the Mixture two-phase flow mod-
el, viscosity-temperature equation, saturation vapor pressure-temperature relationship. The main re-
gions and reasons were investigated for the phase transition of the liquid films between the sealing in-
terfaces under medium and high temperature conditions. Through uniform experimentation and the
NSGA-1I algorithm, the optimal sealing face structural parameters were obtained at a temperature of
393 K. The results show that phase transition mainly occurs on the inner diameter side of the sealing
faces and the diffuser grooves. As the temperature of the medium increases, the vapor phase volume
fraction increases and the viscosity of the medium decreases, the pumping effect weakens, and both the
areas of the high and low pressure regions decrease. Under the premise of ensuring the stable operations of the
seals, the optimal solution of the ratio of stiffness to leakage is as 257.17 GN » h/(m ¢+ L), and the sealing
face structural parameters of helix angle 3, sealing dam length w,, spiral groove length w,, spiral
groove depth h, and diffuser groove width w, are as 34.4°, 5.2 mm, 8.9 mm, 43.3 pm and 5 mm re-
spectively. These research results provide guidance for the optimization of sealing face structure de-
sign, control of liquid film phase transition, and enhancement of the sealing performance of the diffus-
er self-pumping mechanical seals.
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Fig.1 Mechanical seal structure of rotating ring

and stationary ring
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Fig.2 Structural parameters of end face groove of

rotating ring
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Fig.3 The fluid domain
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Fig.6 Phase transition comparison
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Tab.2 Numerical calculation parameter
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Fig.8 Vapor phase nephogram
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Tab.3 Variation range of trough structure parameters
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Tab.4 Uniform experiment table

S B etk B b5

75 Z T x3 xy x5 a/% K/(N « ;mel) qv/(mL « h™1) K/qv
1 25.0 9.0 11.0 52 4.6 17.152 1.2793 10.1275 0.1263
2 25.5 13.5 6.5 42 4.0 18.552 18.7360 8.4154 2.2264
3 26.0 7.0 13.0 32 3.4 20.356 1032.7000 12.6421 81.6870
4 26.5 11.5 8.5 22 2.8 19.446 2505.5000 9.5868 261.3500
5 27.0 5.0 15.0 56 2.2 14.830 129.8700 16.4362 7.9015
6 27.5 9.5 10.5 46 1.6 14.893 236.7500 9.9054 23.9010
7 28.0 14.0 6.0 36 1.0 12.947 391.9100 8.2922 47.2620
8 28.5 7.5 12.5 26 4.8 21.360 1045.4000 12.2936 85.0360
9 29.0 12.0 8.0 60 4.2 11.916 24.6890 8.5673 2.8818
10 29.5 5.5 14.5 50 3.6 15.819 49.0480 14.9314 3.2849
11 30.0 10.0 10.0 40 3.0 16.964 89.0580 9.6484 9.2303
12 30.5 14.5 5.5 30 2.4 17.149 103.8600 11.0462 9.4023
13 31.0 8.0 12.0 20 1.8 17.675 7485.1000 11.5801 646.3800
14 31.5 12.5 7.5 54 1.2 10.938 31.0230 8.3099 3.7333
15 32.0 6.0 14.0 44 5.0 19.812 2.5629 14.6592 0.1748
16 32.5 10.5 9.5 34 4.4 20.250 15.0260 9.3344 1.6097
17 33.0 15.0 5.0 24 3.8 18.686 30.7100 7.7098 3.9832
18 33.5 8.5 11.5 58 3.2 12.484 12.8970 10.3036 1.2517
19 34.0 13.0 7.0 48 2.6 13.870 17.2640 8.0262 2.1510
20 34.5 6.5 13.5 38 2.0 15.781 149.2800 13.4791 11.0750
21 35.0 11.0 9.0 28 1.4 15.371 953.1800 9.2286 103.2900
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