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Follows dynamic characteristics of oil-gas two-phase hydrodynamic seals
based on fluid-solid-thermal coupling
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Abstract; To improve the operation stability and anti-interference ability of oil-gas two-phase hydrodynamic seal,
the response motion of its sealing compensation ring was studied, and the following dynamic characteristics of oil-
gas two-phase hydrodynamic seal were revealed. Considered the comprehensive effect of temperature and
deformation on sealing ring and fluid film, a finite element analysis model of fluid-solid-thermal coupling between
sealing ring and fluid film was established by using MATLAB software. The dynamic stiffness and damping
coefficients of the fluid film were calculated, the forced vibration model of the oil-gas two-phase dynamic pressure
seal was solved, and the response motion of the compensating ring was analyzed. The effects of rotational speed,
differential pressure, oil-gas ratio, spring stiffness and O-ring damping on the angular and axial amplitudes of
motion response of the seal compensation ring were discussed, and the following dynamic characteristics of the seal
are analyzed. The results show that the following dynamic characteristics of the seal can be improved by increasing
the rotational speed and the oil-gas ratio. The increase of pressure difference, spring stiffness and O-ring damping is
not conducive to the follow-up response motion of the compensating ring, in which the response amplitude of the
compensating ring is insensitive to the change of spring stiffness and O-ring damping in the early period of increase,
and the response amplitude of the compensating ring decreases sharply in the later period of increase. The research
results provide theoretical support for the optimization of compensation mechanism and dynamic performance
research of oil-gas two-phase hydrodynamic seals, and a method of solving the following dynamic characteristics of
oil-gas two-phase hydrodynamic seals based on fluid-solid-thermal coupling is obtained.

Keywords: oil-gas two-phase hydrodynamic seal; fluid-solid-thermal coupling; dynamic characteristics; following

characteristics ; stability
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Fig.1 Diagram of oil-gas mixed-phase seal

1.2 T{EEE

AR 31 e 28 8 174 3 A R 2 B 1k T il A
SR N 2R s A BRI Sl A T A P L
FFRMOR R BN T SR e, X% B 5 nt, SR b
TR HITIER: I PRI E R 22 0 I VE T T E A%
. B TR A T AR A A B A
SO IR IS I, DA st IRER A AZ 1 0 /i A 5 s 7 A
WY SR S 406 WP G 07, 765 3t v 1T )R B
— ORI TRAE , A4 v T Ak T 2 Ak AR
A, [ BIH S A A J5T 7 25 b A g T (] 2 AL 10 3 4R
FH B 1 SR I P A . 432 BT, #R R
ShINBREIZ 5, RAFAIE RESh AR PE R A R fe %%
SPIRRIBRT A I 20 i % s ik e et K, PR IR 2
HHaiL R e . s Ehm s K 2 Fos.

WA B0 Y Fe g e s S, S A AR
2Bt R 25 3 B VE FH I U 22 0K P, B3 35 3 1
). (RIS, A7 AE T %5 35 A P AN 1) SER T Al 44 50 3 itk T
22 {1 H AN %) Y A B 3 2 1] %85 3 o 1A, DTG PRI T
bRl EOR (31 ) I v (SR R 1 5 R W i = R R 3
MR HRE A 2 W 5 %85 S i 1T, 7 50 e B i 1R A0 T i
— P AESARCIRASTT A S BT o vl %) 2 i U



c124 - MmoR E L

AN S

52 %

1.3 FHSH
TR Bl TR 2 B S5 S B S 00 )
UL 1 I 2.

®1 ZEMBH

PR IEAE X
- J X Tab.1 Parameters of the structure
B X D,/mm D, /mm D, /mm B/(°)
Dy— HEIUEAE D, — SHIME D, — ST B— WIS 84 71 80 15°
w— JiE¥% 75 17 VR b,/ um FEILLL y 95 L 6 RN,/ A
2 FHIARRELE 5 0.7 0.5 12
Fig.2 End face structure of the rotary ring
x2 HWMBSEEE
Tab.2 Parameters of the analysis
mES P/ SRS P/ ek w/ TARIREE T/ NI B &,/
e * e R A CRBIL) «
MPa MPa (r+min™") K (N-m™)
0~0.30 0.10 0~10 000 300 0~0.20 1x10*
Bl 4 B R EEIEA VIR R P G Zy 15 i TCAE DX 3 A g O JERERE
A/ pm RIE A, , A,/ rad SR mRE 1. 1/ (kg - m?) JEJE b,/ um e/ (N+s-m™)
50 5%107* 0.1 1.51x107* 2.7 1x10°
2 pATEAR ot L s
(1 =c)h 2uox
2.1 HSFEHENEZHENERAREELE 0<zs<oh;
B A 5 25 S ST A RO U ST PP
P N N, N Y- 1 [ ’
1] 5y R A P 2008 A5, L3 R AR 2 J 7, 2 (I =c)h 2u o
T B ER Ar  ETE 2 T RO T 1) oh<z<(c+o)h;
IR 57 A LI 0 S 3 0 328 0, S T 0 6 3 u, + W( —h) - Zi;lp[ (1-c)h(z-
1] 31 AR A R U 390 7T 3 A BT 4B i " i Gomy] e
~ P, ~, N z - )
AE BB T 9T 5 R B B ) e, e <
BRI RO BEIE ., B2 T 7 TR 45 A0 (3)

TR E N, (0<0o<1-c),u, u, NEBHHH
SHIREE T, T E AR 3N O, AT w, = 0. ¥F
x B BAASAR L Bh B e Y A O R R

d )
pdz + (7 +ldz)dx =(p +ldx)dz + 7dx. (1)
0z 0x

Hof, T:M%‘z‘. A

u dp
au_ P 2
P o (2)
Hrih B &A1 h
u=u,=0(z=0),u=u,(z=h),
d J
W
0z 0z

z=(o +c)h
K2 TELH R ZG, A vl

R

FIITEE w n] 153 2 Rk

S — =

q, = |udz=u,(1 —c-0o)h +
u,h 5
_r -1 - 201 -
2(1_0)[ (1-¢)" +20]
W oap

0 [(1-¢)"-6aB(1 -c-0)]. (4)
w 0x

T 55 28 R STIR A, i AR S A Ui
AP AH TR A B 2 3

J-(l—o)h d

. 9% h

go= = L P (1 )% (5)
X

fo(]_C) hdz 2

e O SRR AL AR B 2 RORG BE A, o DUISP 32735
AT RSB



%7 ZEPRE, & LTI A R S AR B e % - 125 -
7—uih_ h3 al Y o«
=7 12u, dx (6) /,;

= (5) X (6) e AN
o - Te . B I
= . 7 2l
o= (12 0)? 7 k
SR BRI 3 PR Ay T3 R0 3 1 7S AL T S A =1
(ELAS SCTE UL T 437 , PR MR % 1 T o _
BB | ELI AR FE 1k S WA/ 7T 1 22 ]
W DRI, 769 GRS 0 R, R B S . i I

AR 18 S5 3558
Pu = Piig€ +pgas<1 -c). (8)
T ST R A A B AR AT i T ] 3 AR 4
B AR SRR T R
p=p,R.T. (9)
X R, SRR B SRR BOM S8y
TR R IR AT s
R - 8.314’
Mm
M,=M, x(1-c)+M, xc. (11)
¥ i 75 FE (Reynolds J7 2 ) 42 1T DA i i
SR B R 25 ) s g T[] 0 AR FBE s g A1 )
ATJFRE, R, YA AR AR 1 i Al b e g 4l
TR IE G RIB R
9 (pmh3 Wy, i(rpmif W _ 6o I(p,h)
790 m, 00 ror u, Or a0
2.2 HAFEE
TR B 5 B R Gerh, il bR
) A B W R BE e R B SO R G, K 3
Frzs. B 4 iSO AR 3 s 3 B sh S R A i 3l
JI2F R BB PO RS B E A AR R IR
Mo BB AR ALE ho( BV P ALE ). 2%
HRGZ BN, #FAERREAE LY 2
6] |58 x HANSE y Bl AL Rh ) IR Sh AN ) 4280, X =
DI IE 5 I ILE 4 H Az A FTAB. FMEERIR)
M) 138 2 AT LA P PR AR A S5 3 A FEE 1 T R BEL
JERFAE 38 A SR A AR R 1 NI B2 AR BRI e £
A3 H 8 J A B B AR

(10)

. (12)

JEAMEER 44 5

i ——
?)\ HUMES) S

3 BRESRESTRETRER

Fig.3 Analysis model of dynamic tracking characteristics

. A-ACRHZ Al
4 HEFWEZNEZRHIHFEER

Fig. 4  Dynamics model of oil-gas two-phase hydrodynamic
seals
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