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Fig. 1 Schematic of a dry gas seal system
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Fig. 2 Schematic of the spiral groove seal ring
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(a) The finite element model of the gas film (b) The simplified model of the gas film
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Fig. 3 The model of the gas film between the seal rings
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(a) The hexahedral mesh of the gas film (b) The steady pressure contour of the gas film( unit: Pa)
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Fig. 4 The steady pressure simulation of the seal ring gas film
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Table 1 The levels of the factors
N 8 Y B/(°) by /pm
6 0.5 0.5 10 4
8 0.6 0.6 15 6
10 0.7 0.7 20 8
12 0.8 0.8 25 10

2.3 KIGHES
2.3.1 ERFEBRETE

IEAZ S A BROTOT B, SE S AR 1 i b B (5) ~ (7) #H47, B2 IR,
TS A AR A BRI B HR, I A5 R rh S OO 15 )3 00 5 it i 5 Pk, X
Ja J1 RN A T A AL B s B TR E AR 25 A R N2k 2 3 R,

F, =F,./pR., Q, =vQ/p, h’, (5)
R, =max{k,} —min{k,}, kizng/“, (6)
R, =max{k } —min{k}, k=2 0,/4 (7)
®2 ABmEN TR £ 3 MR ES TR
Table 2 The gas film opening force range analysis Table 3 The gas film leakage range analysis

AVG N 5 y  B/(°) hy/pm AVG N 5 y  B/(°) hy/pm

ky 1.891 1.664 1.446 1.580 1.499 ky 2.421 2.134  2.429 1.278 1.942

ky 1.711 1.747 1.679 1.717 1.678 ky 2.109 2.097 2.254 1.960  2.153

ks 1.741 1.779 1.807 1.842 1.905 ks 1.974 2.169 2.026 2.430 2.070

ky 1.738 1.891 2.072 1.942 1.998 ky 1.916 2.030 1.711 2.752 2.255

R, 0.180  0.227 0.626  0.362  0.499 R, 0.505 0.139  0.718 1.474  0.313
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Fig. 5 Relationships between y and the gas film opening force and leakage
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Fig. 6 Relationships between B and the gas film opening force and leakage
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Fig. 7 Relationships between h,, and the gas film opening force and leakage
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Table 4  Optimization results of the end face structure parameters

N 5 y B/(°) by, /pm
10 0.5 0.8 20 8
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Table 5 Parameters of the dry gas seal ring

parameter value
density p / (kg/m*) 3100
elastic modulus E /GPa 410
Poisson” s ratio 0.17
thermal conductivity A /(W/(m - K)) 110
coefficient of thermal expansion8/(°C™") 4.0x107°
thickness of the seal ring / /mm 13
average thickness of the gas film & /um 4
medium pressure p, /MPa 5
spindle speed n /(r/min) 500

3.3 M-HHEEEU

PRI I th T8 B PRI B A AN B ) B A2 B A0 Ty Ly S A 1 [ 2 R R 23 A1
LYPGHAT T, RIAR-SE R A 0L TE ANSYS H | H AR5 40 sl 4 44 o, it i DA
2y, PURIERY AT AR ANIEL 8 (b) Fras Al LU, TR YA T, ShaRay i R IE &
0.222 pm .,

83.136 83.457 83.778 84.099 84.420 0 0.494E-7 0.989E-7 0.148E-6 0.198E-6
B . —
83.297 83.618 83.939 84.260 84.580 0.247E-7 0.742E-7 0.124E-6 0.173E-6 0.222E-6
(a) SRS LS B (7. °C) (b) B PISTEHCERE (P m)
(a) The steady-state thermal contour (b) The thermal deformation contour
of the seal ring(unit: C) of the seal ring(unit: m)

8 TAEHBHMIT
Fig. 8 Thermal analysis of the dry gas seal ring
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ZFIE L, AN ] B il 28 07 2 A B AT RHE Pt AN [F). 5 25 B AR IR AR DG AT BB S 80
VAR E AR Poisson HE u FIERIZIK R BB O TS RIAEUE M S VIR C R 18
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SE M RN, BLEEPEE/ M) Poisson FLLIET 9(d) W BEH PUZ K R4 B iR, IR bt i 2
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Fig. 9 Relationships between the material properties and thermal deformation
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Thermal Analysis and Optimization of Structural
Parameters for Dry Gas Seal Rings

WANG Yan-zhong', PU Tian-xin', HUANG Rong-ying',
NING Ke-yan®, HAN Ming’
(1. School of Mechanical Engineering and Automation ,
Beihang University, Beijing 100191, P.R.China;
2. China North Vehicle Research Institute, Beijing 100072, P.R.China)

Abstract . Leakage is the primary failure form of the dry gas seal, while the end face of the seal

ring makes the main leaking channel. For some specific conditions, based on the relationships

between the structural parameters and the gas film properties of the seal ring, the methods of

finite element simulation and orthogonal optimization were used to select a better combination

of the seal ring end face structural parameters. In addition, the steady-state heat distribution of

the seal ring was simulated. On the basis of that, the thermal deformation of the seal ring was

computed to explore the relationships between the material parameters and the sealing proper-

ties of the seal ring. The research results show that, except the elastic modulus, the thermal

conductivity, Poisson’s ratio and thermal expansion coefficient are all in a quasi-linear relation-

ship with the thermal deformation of the seal ring. The work has guiding significance and refer-

ence value for the design and optimization of dry gas seal rings.

Key words: dry gas seal; gas film property; finite element; thermal deformation
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