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Cavitation mechanism of spiral groove liquid film seals

LI Zhentao, HAO Muming, YANG Wenjing, CAO Hengchao, REN Baojie
(Institute of Sealing Technology, China University of Petroleum, Qingdao 266580, Shandong, China)

Abstract: Cavitation occurrence in liquid film has a direct impact on hydrodynamic lubrication performance of
mechanical seals. A physical model of liquid film seal in spiral grooves was built with consideration of surface
roughness and the JFO cavitation boundary condition on mass conservation. The anomalous physical domain
composed of spiral curves was transformed into an inerratic computational domain by coordinate transformation.
Finite control volume method was adopted to discretize the liquid film governing equation and the Gauss-Seidel
relaxation iterative algorithm was used to solve the algebraic iterative equation. The cavitation occurrence in liquid
film was analyzed by multiple factors of liquid film thickness, surface roughness, upstream/downstream pumping
function, grooving position of spiral groove and cavitation pressure. Results show that cavitation occurrence was
easily strengthened at thin films but weakened at thick films. Effects of surface roughness on cavitation or pressure
distribution was depressed or even disappeared with increase of liquid film thickness. In case of upstream
pumping seal, the circumferential width of cavitation was larger than that of downstream pumping seal, the width
for middle grooving seal was larger than that of inner grooving seal, as well as the width enlargement with
increase of inner dam reached to maximum when the radial width of inner dam was equal to that of outer dam.
However, in case of downstream pumping seal, the width of middle grooving seal was smaller and decreased with
increase of the inner dam. Effects of grooving position on cavitation were closely related to the function of spiral
groove. Cavitation shranked at lower cavitation pressure but promoted at higher cavitation pressure. High

cavitation pressure was beneficial to improving load-carrying capacity of the liquid film.
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Fig.1 Physical model of sealing friction pairs
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Table 1 Geometrical and operational parameters of liquid
film seals

Parameters Working condition 1 Working condition 2
inner radius, r/m 0.039 0.06
outer radius, r,/m 0.043 0.08
spiral groove radius, ry/m 0.042 0.074
reference film thickness, /,¢/m 9.5x10° 10x10°°
spiral groove depth, ,/m 9x107¢ 10x10°°
spiral groove angle, a/(°) 25 90
spiral groove number, Ng 36 8
surface roughness RMS, o/um 0.25 —
lubricant temperature/'C 40 40
lubricant velocity, u/Pa * s 0.0217 0.02
lubricant density, pjg/kg * m > 865 800
rotating speed, e/r * min”' 3500 800
inner pressure, p;/MPa 0.6/0.1 2.0
outer pressure, p,/MPa 0.1/0.6 0.1
cavitation pressure, p./MPa —0.075~+0.095 0.0

Note: @ For downstream pumping seals, pi/p,: 0.6 MPa /0.1 MPa;
@ For upstream pumping seals, pi/p,: 0.1 MPa /0.6 MPa.

AT 5 B0 R R [ YR A O R
LR BB TS, 0T SR A A i BB

(D EEBAO R, JRRCRES B A
Bt I 1324k 5

(2) VT TR AR XA 2R X, i X
SRR AN ] A, 110 XS TR EFANAE 5

(3) MG 3 B AR TR AU I R 5 i 1 FA A

, HZmEER B0 S AR P T s e

(4) Jie % 345 A0 i 1E 20 B AT AR (R ) 2% 1 e
JE LR TR JRE 56 A2 A % 1) [ P A i M R
1A

(5) EEGEER)BE AL 25
L.

IRES, AHIERE

2 EHTEEREKE

2.1 EHIGE
FEFAE, RS TR % RE AR 5200 R
SFAE P I B 7 AR AE W AR A b g T 202

3 3
0o 3] 10 ).

or u or) roé u 00 n
2 2.2713
6a)r78(phT) +6a)r0'7a('0¢5)+3i3 Ly
20 el 10 or wu
Kb, @ @y M B 73 R B TR

T A E R ER TR ER T 4=
SR 6,=1.0, ®=1.0, B=0, MR (1)2H AyidH]
THIE-F1H 1 Reynolds 77 2.

2 ) v E RS AT BE I TR TR
PRLE TOUIRFE B AIZE SR, R 2= AR 2
R, A3 X 3 B p AR RN ORE 2L B P R VR
Yy, WIEENTWIETT, B pes T LN SIRN
FREMIR I E, Bl po JFO BIRUAMMUEEAR |
WRERE A B 1A (5 Reynolds #AHIR]D, 1M H
WHfE TR HIE AL B B, SEElizs
RUFE A v B B4 P A SRR P B 7
FINBRHAZRE ¢ FITWEF, WS L -
AU X

F=1, g=L"Pc @)
Po— P
X
F=0, p="-_1 3)
Piq
¥BRQ). RGN FHTEN 1 fLabE,
Ry oy
9 @7238(F¢) 10 cz”138(F¢)
or or raﬁ 06
;&E{Q+U—wa%+E¢ﬂ+@2{a+a—me7%1
00 * or
“4)
A, B 1S EN
PR L L S A buw_ 77
_ri’ _h h _h _po_pchrefz’
Re* = pliqa)hrcf O= V4 Re*

I 20
2.2 AAFRETIR
DR B2 T A R 2 (1 BN, R R
FIA BRARFVE AT B BOR MRSl , SR AL bR AR
e PV A FIN (P ER AR B R (I
A FRAR e bR BRI 3(S)



11

PEPRVGALE I RV s T R A L * 4753 -

E=r
{’7=9—aln(r/n) ©

A, a=l/tanc.
CEAARRAS R J5 , BT A AR 2R R R S SR
Kl 2 PR

e

L¥y,

s

fn 7
[ land/dam [ groove

2 HrAsbR A TR R S

Fig.2 Single cycle calculation in new coordinate
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