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Dynamic Performance of Dry Gas Seals and Analysis of
Interactions among Its Influencing Factors
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Abstract: The perturbation gas film pressure governing equations and motion equation of spiral groove dry gas seals
with flexibly mounted stator, which took the axial vibration of rotor into consideration, were presented based on gas film
lubrication and kinetic theories. The influences of sealed pressure and spiral angle on dynamic characteristics and
transient responses were researched under the condition of high-speed. It is shown that gas film sharply oscillated along
a certain path when the sealed pressure was relatively low. Saltation peak and period peak of gas film thickness
disturbance were defined, and their minimum values were considered as the optimization objects of seal dynamic
performance. The interactions among spiral angle (typical representative of structure parameters of spiral groove), spring
stiffness, secondary seal damping and stator mass were analyzed under high-speed and high-pressure conditions based
on the method of full factorial design. The results show that there was an obvious interaction between spring stiffness
and stator mass for period peak, and the other factors affecting dynamic performance of dry gas seal systems can be
treated as independent variables to be optimized without affecting the precision of the results of seal dynamic

performance.
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Fig. 1 Schematic cross section of S-DGSs with flexibly mounted stator
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Fig. 2 Kinematic model of S-DGSs with flexibly mounted stator
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Fig. 3 Typical forms of gas film vibration
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Fig. 4 The influence of sealed pressure on dynamic characteristics coefficients and gas film thickness disturbance peaks

B4 BT Jon BB AR 5 0SS e 3 e /Y 5

-o0- ¢,

Dynamic stiffness, k,, x 107°/(N/m)
Dynamic damping, ¢,, x 1075/(N-s/m)

2.0

6 9 12 15 18 21 24 27 30 33 36
Spiral angle, ¢/(°)
(a) k,, and c,, with ¢

0.8 0.07
. FormI| Form II - ALy
T o |A|
E_ 0.06 -
= 0.6 =
= =
i E
% 0.5 E
3 <
=04 2
£ E
£ 03 5
= ~
0.2
0'1 1 1 1 1 1 1 1 1 0'02
05 1.0 1.5 2.0 25 3.0 35 4.0 45 50
Sealed pressure, p,/MPa
(b) |Ah,| and |Ah,| With p,
20 0.036
lForm I
£ 0.18 0.034
2 g
s To032 £
<
= 0.16 b
I’ =2
3 1 0.030 &
= S
= 0.14 =9
£ 10028 2
s =
= 3
& 012 - |ARy| 1 0.026 =
—o- |Ahy|
0.10

. . . . . . . . . 0.024
6 9 12 15 18 21 24 27 30 33 36
Spiral angle, ¢/(°)
(b) |Ahy| and |Ah,| with ¢

Fig. 5 The influence of spiral angle on dynamic characteristics coefficients and gas film thickness disturbance peaks

K5 MRS RS &5 2R K R JE I Bl VAR P 5 1



274

o %539 %

IR 5 o, AR A0 34 R, 3 300 B R I ¢, 06F
| ARy | (520 2 2 32 T, (RS R 402 R 5 R
Bl 7R S TAH 5] RO 9R AL I | Ay |32 SRR K, R e, 1) R 4R
F, R 2R 1 AR, AN 1R I8 R P 3l 2 LA
PR 2 B2 Hoe, 0l 284K, |Ah| AR 4 B IR 4 5
ke FO AR FEIEAR S5, 1K U5 W ke, XoF | Ao P 52 T AEC 381) 6 5
TEH BASZARE S m.

2.3

BRSO

16 R 745 173 th T AR IR T ap B e
$o 0 St R R AL 3y T 1AM R 22
R A 2

BT DA, 7ERA R 0, SR ) (00 2 s e 0
o) B LA LU, AL gl TR ) R 17

fif = (A4 £ —

JE MIARSLZE, [FIR H AR R R

HEAE. fio R S5O i MO EAE £ — 5 (2 57
A FHOA L TT ATt TR A AR
BER TR TT R IR, 355 3 B B A LU T R )
T 25 W2 A5 B A I 5 0 =
R L. HE R [ py S 2 e o 0 45 1 25

UL I po 8o 22 5 iy npsling K A2 W2
FIARAL WA . TR B o Xt e Mg RO SE I 3 5
Xy BORE M 5 i AN AL, X 32 2R ORTT R o A
T RAE B JEA S8 5 R 7 A 5%, T Hi s 2 A
32 B RURE S5 AL 520

Rl ZEL I RS BT R A e R Pt sh BE I [
AR AL S SIS A — B, BILES-DGS /1%
RGN 2 1 s S LR LA AN A AR 2 #r e,
Bt VN ICEI RPN FIWAE
24 HWERGEFMEZRENZEIER S

AN T s T 2R A 5 4 25 AN B IR LA (B A AL
PR TR ISR DR LRI R M AL OTRY ) BTt F )
AT, A5 KR B BB T R) 11 22 R S HU i L A
T FREAZUE | Ady | R J1 0 | AR, | 3945 AN TR B A2 AL, 10
DGSPITAL H3E AT IR, 5 PG & iy o B A8 AR R34 41
PRI 28R FIDGS T TR RE /7, A% 75 T (K 7
FAT E B0 AR SE bR 3 . 25 8 B (HUb o 3 BOR 22
SRV RE 22 FEAUBRC S o 1) 22 B HLAR SR ABLER) g e AL
PRAE T AR, 5 (¥ 5 17 R B AV L 0.1 mm, (A6 AE

2% [
0% i )
~2% .
1% t

1% ¢
v [
0%

t/ms

Fig. 6 Influence of sealing pressure on transient sealing performance
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Fig. 11 Interactions between spiral angle and stator mass (4,,=100 pm)
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Fig. 12 Interactions between stator mass and spring stiffness (4,,=100 um)
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Fig. 14 Interactions between spring stiffness and secondary seal damping (4,,=100 um)
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