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Lubrication Performance Analysis of Deep Straight Groove Seal

An Sung Leet and Jun Ho Kim*

Rotordynamics Group, Korea Institute of Machinery and Materials
*R&D Center, Korea Seal Master Co.

Abstract - In this study a general Galerkin FE formulation of the incompressible Reynolds
equation is derived for lubrication analyses of noncontacting mechanical face seals. Then, the
formulation is applied to analyze the flexibly mounted stator-type reactor coolant pump seals of
local nuclear power plants, which have deep straight grooves or plane coning on their primary
seal ring faces. Their various lubrication performances have been predicted. Results show that
the analyzed deep straight groove seal should have a net coning of less than 0.6 um to
satisfy the leakage limit. And for the same amount of equilibrium opening force the plane
coning seal requires to have a 3 times higher dimensionless coning than the deep straight

groove seal.
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Fig. 1. Schematic of a flexibly mounted
stator {FMS) mechanical face seal.
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Fig. 2. Cylindrical coordinate system
for two seal ring faces.

2~10 pm

T8 2ElErh old AAFAA 24
e e HFAF] F Yger &3
71 @&, ¥HEZ vAUE AdE g
& Al g ndelA AA A=
ZEtholvle Bt sl Foda v
Hol Aot

ANdel dA #3 2Adg w224 &
ZHidols FE8AY E= FEFEHUG
Ze FAH7IYPel HEEt /FTLEY
& Az Aol i BIAIRY dIg v
st AAz, a8 9o E4¢
Ze BA Moz Hed £ o, H
AH o2 FEHY 1 HE NEIE Eeobx
T gk FELL: 8 FAGgdE o
#H BEAL FRIAHAM Fad HELY
(variational principle, strong formulation) [2-4]
% A FAY e S gL vEE
Aol 2d AAzdlx duka A glo] %
d 3)(weak formulation) ZHEL&£E + U
Galerkin &8 4%[5-10]0) A48 + glo
o, @4 F7} 2o da] g Qlvh

2 d7dAEe HEE vAUE Age v
UEH &84 HEE & de Yuste
Reynolds ¥l 219 QGalerkin §884 £3%
BHE Fxdi, o8 HEso P 3

bl

Mating ring -
{rotor)
fo
3
¥
C
{ i
Section: AA

Fig. 3. Relative position between
two seal ring faces in a FMS seal
and its sectional film geometry.
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Fig. 4. Plane geometry of a deep straight
groove introduced to the ABB-CE
primary seal ring face.
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Fig. 5. 1/4 FE mesh of the
ABB-CE primary seal ring face.

Table 1. Operating conditions of the RCP
seal

Lubricant : hard water

g = 5.0x10"% Pa-s at60 C

w = 1,190 »pm
p; = 8.998x10% Pa
p, = 1.551x107 Pa

Table 2. One set of lubrication performance
analysis results of the ABB-CE deep straight
groove mechanical face seal

Starting seal clearance (m) = 2.5e-006

Starting normalized coning = 5§

Iteration number = 4

Deflection over radii (mm) = 0.000572519

Opening axial force (N) = 63500.9

Closing axial force (N) = 63502

Seal clearance at force equilibrium (m) = 2.17588e-006
Normalized coning at equilibrium seal clearance = 5.7448
Leakage (m~3/s) = 2.5021e-006

Total fluid film heat generation (W) = 249.909

Average fluid film nodal heat generation (W) = 0.0603646
Axial fluid film stiffness (N/m) = 5.059¢+008

Axial fluid film damping (N-s/m) = 3.512¢+006

Angular fluid film stiffness (N-m/rad) = 3.294¢+H006
Angular fluid film damping (N-m-s/rad) = 2.858¢+004

# 4} H(closing force)™} WH L o|F+ W
2(opening force)E WAA7IE C % B &
Newton-Raphson® 2 3l ZAAEGch H
FAe e YL B = 5.745 o9, I

Fig. 6. Magnified P, distribution at
B8 = ( for the ABB-CE seal.

Fig. 7. Magnified P, distribution at

B = 5.745 for the ABB-CE seal.
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Fig. 8. P, distribution for the ABB-CE

seal.
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Fig. 9. Equilibrium centerline seal
clearance versus net coning for the
ABB-CE seal.
* —
» ABB-CE type seal
- 25} [
("
]
L2 [
g []
© 15 o 1
3 0
-4 [
®
[+
L ° o
oo 0p®
02 04 08 [Y) 1 12 14
Net coning over radil (um|
Fig. 10. Leakage versus net coning for
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Fig. 11. Heat generation versus net coning
for the ABB-CE seal.
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Fig. 12. Axial stiffness versus net coning
for the ABB-CE seal.
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Fig. 13. Axial damping versus net coning
for the ABB-CE seal.
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Fig. 14. Angular stiffness versus net
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Fig. 15. Angular damping versus net
coning for the ABB-CE seal.
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Table 3. One set of lubrication performance
analysis results of the WH plane coning
mechanical face seal

Starting seal clearance (m) = 2.5¢-006

Starting normalized coning = 13

Iteration number = §

Deflection over radii (mm) = 0.0014981

Opening axial force (N) = 63500.94

Closing axial force (N) = 63502

Seal clearance at force equilibrium (m) = 1.85182¢-006
Normalized coning at equilibrium seal clearance = 17.5503
Leakage (m”"3/s) = 2.1746e-006

Total fluid film heat generation (W) = 241.705

Average fluid film nodal heat generation (W) = 0.168436
Axial fluid film stiffness (N/m) = 1.523e+009

Axial fluid film damping (N-s/m) = 4.694¢+006

Angular fluid film stiffness (N-m/rad) = 1.142¢+007
Angular fluid film damping (N-m-s/rad) = 3.830e+004
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