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Abstract: Based on the dry gas sealing and grooving method of laser technology, it is proposed to establish an

orderly micro—shape of roughness level at the bottom of the circular arc groove dry gas seal (A—DGS) to improve the

grooving efficiency and reduce the cost. Simulation based on the finite volume method was validated by comparing

with other researches. After analyzing and filtering, it can be known there is little difference of seal performance

between the windward micro—structure and leeward micro—structure, and then the opening force and leakage with

different geometry and operation parameters of A—DGS based on the leeward-structure was studied, and the

influence degree of all parameters was finally obtained and analyzed by a design of experiment based on Taguchi

approach. The results show that the opening force is improved by orderly micro—structure, especially under low

speed, high pressure and small groove depth conditions. Under given conditions, the influence of ratio of micro—
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structure depth and width on the opening force is greater than the film thickness and speed. The optimal parameters
of arc groove structure are not affected by the micro—structure design. Based on Taguchi approach, the influence

degree of different impact factors could be easily and accurately obtained, which is helpful for engineering

design.
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Fig.1 Three dimensional schematic diagram of rough surface
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Fig.2 Schematic diagram of orderly micro structure
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Table 1 Comparison of opening performance

Film Opening force F /kN
thickness 6/ Error Error
Ref.[26] Ref.[27] Calculation
pm 1/% 2/%
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Table 2 Parameters of simulation

structures(p,=2 MPa, 6=2 pm, h,=4 pm)

Rotation speed, Opening force, F /kN Leakage rate,(/(m*-h™")

N/(r-min™) Windward Leeward Windward  Leeward

Parameter Value 3000 13.58 13.57 0.0102 0.0102
r/mm 80 6000 14.38 14.36 0.0112 0.0111
r/mm 70 10000 15.45 15.42 0.0124 0.0124
r,/mm 75 15000 16.79 16.75 0.0140 0.0139
ri/mm 60 20000 18.13 18.08 0.0155 0.0155

A 1 30000 20.81 20.74 0.0186 0.0186
h/pm 2—10 U S 40000 23.49 23.41 00217  0.0217
5/pm 2—10 B

medium air JUFTe 22500, G5 v AT 3%, DL DU R% 15 XU Al s
PP 01003112734 RS Tt — 25 0 ST
/MP: 0.1013 .
b 53 RUSEIERESHT
Ni(r+min™) 3000/6000/10000/15000/20000/30000 X . oy
N ” VLI A 77 itk & o H AR 280, X H MA-DGS

g

5 I HoE BB A-DGS WY THR AR . B9 Bk
MA-DGS 75 = Fift J5 )5 T 1% 3 11 s g 3 A 1, ey T
R JE VRSN O R R, s T3 R A [ I M e

®3 WMEREMEE

Table 3 Preferred values of micro structure

Geometric parameter Range of preferred value - N gn LA T
A R \ o
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C /mm 0.1/0.2/0.3/0.4/0.5/0.6/0.7/0.8 Table 5 Performance parameters for comparison
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Table 6 Influence of parameters on A—DGS opening
force/kN

Level  Pressure p, Rotation N Film thickness 8 ~ Groove depth h,

1 4.39 13.15 14.40 12.52
2 8.41 13.71 12.60 14.84
3 10.86 12.89 13.44 12.66
4 17.59 12.24 13.10 12.51
5 25.15 14.41 12.86 13.87
delta 20.76 2.17 1.80 2.33
rank 1 3 4 2

x7 SHXMA-DGS FE KN
Table 7 Influence of parameters on MA-DGS opening

force/kN
Film Micro
. . Groove Micro
Level Pressure p, Rotation N thickness depth )
depth h, ratio B, /C,,

&

1 4.35 13.17 14.06 11.70  12.18 12.65
2 8.33 13.14 12.14 14.07  12.73 12.19
3 10.97 12.36 12.51 12.18  14.50 12.53
4 17.15 11.93 12.62 12.57  12.61 14.20
5 23.20 13.41 12.67 1348 11.98 12.44
delta  18.85 1.47 1.91 2.37 2.53 2.01
rank 1 6 5 3 2 4

/N, X F MA-DGS, p,=4.0 MPa, N=30000 r+min™', 8=
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