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Analysis of dynamic characteristics of spiral groove liquid film seal considering
taper and waviness
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(Institute of Sealing Technology, China University of Petroleum, Qingdao 266580, Shandong, China)

Abstract: Sealing performance is significantly affected by the change of seal face topography produced by
thermal and force deformation or machining. A mathematical model of spiral groove liquid film seal considering
radial taper and circumferential waviness was established. The dynamic Reynolds equation was solved by partial
derivative method and the opening force, stiffness, dynamic stiffness and dynamic damping coefficients of liquid
film seal were obtained by means of finite element method, and then the influence of radial taper and
circumferential waviness on steady and dynamic characteristics of liquid film seal were analyzed. The results
indicated that the opening force of liquid film seal decreased with the increase of taper and increased with the
increase of waviness amplitude. Under the same waviness amplitude, the opening force was reduced with the
increase of waviness number. Stiffness of liquid film gradually reduced with the increase of taper and the variation
trend with waviness amplitude was different with the change of waviness number. The absolute values of dynamic
stiffness coefficients of liquid film decreased with the increase of taper and the effects of waviness on axial
stiffness coefficient and angular stiffness coefficients were more obvious. Dynamic damping coefficients of liquid
film gradually decreased with increasing taper and increased with increasing of waviness amplitude.
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Fig.1 Geometry schematic diagram of seal face
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Fig.2 Geometric model of seal taper
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Fig.3 Geometric model of seal waviness
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Fig.4 Perturbation model of sealing ring
P (2), EAMRBIEOL, B B
Y RBE 1 A 5 B LA
P=Dy+ Py :p0+pd(,eiﬁ (%)

h=hy+h; =hy+h,e" =

hy+(d, +rsin@xy —rcosfxp)e” (6)
K, py WESWIRIE S, p, NEHABEE

Ho pa, NEDASHUBEE SREDNE, b, FshAs Wil
FERE, h, NEHAWIEE AR, £ AR,
P HEEORRL, =T

BR (50 R (6) AR (2), WL BN
BN | B

_r Pt o=t 4L
7 Py h @
- d
Pdozp"ﬂ, H, =%, D, ==,

pw ! hi ’ hl
6 L] 3pa’r!
K, = 2 K,=
Pl 10p,,

s w AN NFE, p NI REE.
s b, AR | BT R T



= 5202 -

T

L

67 %

10 oP, ) 108 dPo
- 3 dy |4 +
RaR[RH‘) aRj RﬁR[SRH H, oR ]
1of1 ,op | 10( 1 oPo | _
Ra@[RH aeJ R09(3RH°H% 00

0H, 1
-+ 2K ioH, +K2——
00 ‘ R OR

K,

GR'H,Hy)  (7)

L H, o BN R, A
FERE H, AEhA WU F1 B, WA B THR AT 51
HOREsR A AR, A R 2 1 R 4

RN, TR0 RS | SRR
REROIEAE H, 9

H, =D, +;—°Rz//sin9—;R¢cos6‘ ®)

R (5) ~3R (8) ik T = Pt RanA WU
TR H, KEhAWIERE 1 B, Z %R, & (7).

T8O B NSRBI B Zh ARk AR BB A T R
22 EESHEEREEIKER

TR (D RS TREED,  y A, AR
RSB SR RS RE TR S A0,

T
/Q\'\

oP oP oP, h
Py=—", P, = Ty , P:iﬁ,
oD, oy r, Y o,
p) oH, h oH, h
HD _ dy , HW — dy ﬁ , Hq, — dy ﬁ
oD, oy r, op r,
X7 R (8) SRFAGEIRT B, « P, M
P, [k Jr e -
KT B, AN
16 oP. 16 opP,
— RH3—D +_—
R@R( 0 aRj R@R(3RHH 6Rj
1o(1 0P 16(.1 oP,
— 7H37/-7 4+ ——
R&H(R "aej R69(3 HoH, aej
oH , 1o
H, +K,——(3R? 2 9
| ioH, + zRaR(sRHDHO) ©9)
H _ A, =1 (10)
"oop,
KT R, KRN

1o P\ 10 5P
— | RH}Z |+ —— +
RM( MmJRwJMHH Mj

iiLLHSaP”’J+1 ° (3 HZH aP"J

ROO\R " 06) ROO Y 00

an . 1 2 2
K]¥+2KIZWIHW+KZE<37R(3R H://HO) (11)

y = =Rsin@ (12)

(’h//r
ST P TR

1o oP) 1 0 oPo
- RH3 2 |4+ —— 2 +
( GRJ 2R (3RH(,HW =

Lof1,0R), 1o( 1, 6130
——|—H—% 3— =
rRoo\x" 50 ) Ro0 PR 50

%a—R(stH,ﬁHj) (13)

O0H
K, 6749” +2KjioH, + K,
o0H

Hﬁ—d"ﬁ:—Rcosa (14)
op .

bk 3 TR R L TR AT
(1) sl PEid s
WAL

P
HME AL
R=R =2=1, B=p =Lx_
r, Py
RSN

P, :P :P =0
(2) ML A 44
P(0,R) = B(0+2m,R)
R(O.R)=PR(0+2mR)  (k=D, vy, ¢)
NP, P AP RAGIE, MR EA NI R
HOMPH R 2¥r i 5y it
Kzz sz Kz_v Cz: C:x Czy
sz K)cw ny +ia)1 sz Cxx ny =
K,vz ny Ky,v Cyz C,vx C,vy
-1
[[ {-rsin6{P,.P,,P}d4 (15)
rcos@

3 WHEER KA

L R B, R AN B s T O B AT
%, KA R ICEGmHIFE 5 Wi 1 FR i i
BHTR. SRR, S LA L5 S
S EAE TS EURE SCBR[1B & : WE ri=
4425X 107 m, #M% ro=53.25X10" m, HEE}5E
re=50.55X107" m, MRHERH N,= 12, SRHERE 1A
MRESERZW y=1, BIEM a=18° EIR hy=
125X 10°° m. #E WK NK, WiETHEE

p=1000kg * m™>, ZHfF £=0.001003 Pa s, ZFEH N

RAEIE T p, =0.6 MPa, AMEALETT p,, = 0.4 MPa,

BN 1 MR 0 =50, ¥ E0=314rad « s

HARFEAAR, % N b 2 r”j:: 13.89m=+s',
BB AMEAL IR N 16,72 m o s, R AL £



5 12 3

Wi 25 FEAHE R I R IR e BB o 3l S R R 20 B

* 5203 ¢

N15.87mes,
3.1 REEMESROH
3.1 A/BEE PLUCER[20]H M Z5 M 250/ T
ZHCHI, RN TR R, R AR SCEUA T
AT IR, B AR RIS B SRR X
JEA A 25 B 5 SCHR[20] B S5 SR BEAT XL, Wil S
FiR o

B S vl SRAASCEE T AR B 1)
HAERECER20]F FITH RS RIEAR -5, RER
KN 4.7%, EERVFEEA, FIHA AR E LR
AERTY, PR GF M A S fE St 5
3.1.2 sEEMHR HIE 6 nIE, B HEZ I,
BT IS D12 8RN o 1K T HE P K,
B i 2 (AP ROk, ST R i
W MHERE N AR, BE A BCRIITE T,
FRER AR TR -

I 5 (1) 18 I T I B S/, e T3
%ﬁﬁ?ﬁ%%oﬁﬁﬁﬁﬁﬁﬁ,WEMEﬁﬁ

220

200 reference

180

Z
= 160 -

140 calculation \
120 ~\
100

80

0 0.5 1.0 1.5 2.0 2.5 3.0 35
hx109/m

K5 JF R BB A AL 0 B
Fig.5 Comparison of opening force with change of

film thickness

4500 1200
4000 11050
3500} 1900
3000 4750 £
Z Z
= S
=~ 2500} . {600 5
K X
3
2000 1450
1500 - \ 1300
00— 6 1 2 3

£x10*
6 HEEEXTIT R 7 B W R

Fig.6 Influence of taper on opening force and stiffness
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Fig.7 Influence of waviness amplitude on opening force
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Fig.8 Influence of waviness amplitude on stiffness
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