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A Lubrication Performance Analysis of Deep Straight Groove
Mechanical Face Seal

An Sung Lee" 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 pre-
dicted. Results show that the analyzed deep straight groove seal should have a net coning of less than 0.6 to sat-
isfy 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.

Key words — deep straight groove seal, plane coning seal, lubrication performance, Galerkin FE formulation,
reynolds equation, mechanical face seal.
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Fig. 1. Schematic of a flexibly mounted stator (FMS)
mechanical face seal.

Secondary seal

ROCKETS

MISSILES
NUCLEAR
SUBMARINES
AIRCRAFT
MAIN SHAFT

NUCLEAR PUMPS

[ REACTORS & CENTRIFUGES \

MARINE, PEFTROLEUM,
AND CHEMICAL

AIRCRAFT ACCESSORIES
GEAR BOXES, STARTERS, ALTERNATORS

HYDRALIC AND INDUSTIRIAL EQIIPMENT
INCLUDING AIR CONDIT{ONERS

* Higher performance
* More complex design

HOME APPLIANCES, DOMESTIC WATER PUMPS

AUTOMOTIVE WATER PUMPS

LIP SEALS
O-RINGS

GASKETS

Bl

PACKING

od o

L I‘i

To

Fig. 2. An application pyramid of mechanical face seals.

& A3, =13, 2AFA7E vl Z7] wigel Ak
o2 pAdgo] o9 2 W2 A]Y(labyrinth
sealy> 28 HEAIY® Hlase 93 A 744
g A AFE3). ol BHE: mAUZ Al
de A e TYY A1 718+ % (hydrostatic
or hydrodynamic self-lifting geometry)®] #7138 %
Ae Ade WEe) A AAD ST A F

Journal of the KSTLE

oM - HEZ

& 7182 W7dREF A (radial coning)e] 1]
Ao 2= Y93 E(spiral groove)
H|Z2gk thedst Fel9] hydro-pad’t Z-8%d). Tt
199 FHE olg AR 7158
o] ZHg-02 2~10um WY 22 AENE A
s FejEot. oluf A|ldEAClM BAsle FAES
sHSe] F Weko g Fgslr] wiel, BidE v
YA Al AL Alde g oA A 3]
HAl£He] ZE[tol}y] Ebdsle] #odiA] g
o] Ut
Aldel A {3
T

X
H
rr
Ho
i
>,

>

2E Zhe AN AAR ez H84d 5 o], AR
o2 F¥3M 2 HE RlEst FolX|al . f3t
20 Fg4 PAsell= A BEAY TEs|Adl
A Fefek HE-AE] (variational principle, strong for-
mulation)[4-6]9} & A EAE EAe 722 v
HEA md HAsloz vk Aof glo] s
(weak formulation) %88 4 A& Galerkin F3t&
AR[7-12]0] ARSE = glon, A T B d
2 AR 2UTH

B dApoiE vHSE vAUZA Ade] vigdE &
ol A8-d 4 U= d9EHE Reynolds 74 4]<]
Galerkin #3824 &8 4318 =3, o|& A&
3l Z& A M E(deep straight groove, ABB-CE
design)? T T (plane coning, WH design)2 -
Al F el A"ty e S 9 w4
22 Yzhxl HZ(RCP, reactor coolant pump)$-
FMS¥ Aol §845S sidstaa) i ¢, &
w3 Aldel by AEEAS HAWE F(12)9

Al 2o 3l

2. Reynolds & 4lo| REIA HAS,

Fig. 3& 4 um® FA%(fuid film) S A
A AEEE 3 de F AIY F "ol g
4% HAAE i 45 FHAxAL] duky

Reynolds %442

2) )



A F AU FHolk ALY &8 el

gl

rlo

* of -
(le TW]

I;

To

Fig. 3. Cylindrical coordinate system for two seal ring
faces.
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Fig. 4. Relative position between two seal ring faces in a
FMS seal and its sectional film geometry.
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Table 1. Operating conditions of the RCP seal
Lubricant : hard water

U=50x10*Pa - s at 60°C

®=1,190 rpm

p:=8.998 x 10° Pa

Po=1551% 10" Pa
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Table 2.One set of lubrication performance analysis
results of the ABB-CE deep straight groove mechanical
face seal

Starting seal clearance (m) = 2.5¢-006

Starting normalized coning = 3

Iteration number =4

Deflection over radii (mm) = 0.000572519

Opening axial force (M) = 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) = 5.059e+008

Axial flaid film damping (N-s/m) = 3.512e+006

Angular fluid film stiffness (N-m/rad) = 3.294e+006
Angular fluid film damping (N-m-sfrad) = 2.858e+004

-t of the KSTLE

sloMd - Wz

wold ¢tk Table 29 dlaolA, s8lg] WHE ANE
2o cge Fgdee) AYEAe 39 C=2.176
ume} B=5745010, FETRE 0*=2502 cofs, TF
Zuke Wz 7Rk =5.059x10° N/m9 k=
3.294x10° N-m/frado|th. o]EX], RCP AlYel wojgo]
HE7kE e & 0 Aol AE8E ¢ 5 vk

rde] Baakeola o - A3l A3 F- (net
coning)?l Wl WE AUBA, FAAH, YT, S
gk st g, zela 2PN A 247 Figs.
10-169 LRt gtk 2ol Fvistel wEl AldEA)
(Fig. 10y A83 oz Zvishy, melr] 249 Fg.
1)e Z7ela S P 1202 TAdle AE B
£ o}, e, Fgde] ZrHel wel U 2 (Fig.
13y Zh(Fg. 14, 23 Zsr AR 15
| (Fig. 16) 2% #ashs Ag B 4 oH, o]

Y - Axis

4 X Axis

Fig. 9. distribution for the ABB-CE seal.
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Table 3. One set of lubrication performance analysis
results of the WH plane coning mechanica face seal

Starting seal clearance (m) = 2.5e-006

Starting normalized coning = 13

Iteration number = 5

Deflection over radii {(mm) = 0.0014981

Opening axial force (N) = 63500.94

Closing axial force (N) = 63502

Seal clearance at force equilibrium (m) = 1.85182e-006
Normalized coning at equilibrium seal clearance = 17.3503
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) = 1.323e+009

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

Angular fluid film stiffness (N-m/frad) = 1.142e+007
Angular fluid film damping (N-m-s/rad) = 3.830e+004
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: dimensionless area, A'/ry

: area

C  :centerline equilibrium seal clearance

d, :axial damping

Dy, :dimensionless axial damping, (CaVpors)d.,
d.» :angular damping

D, :dimensionless angular damping,
(Ca)’por({‘)d,*,*

: dimensionless opening force, F'/pory’

:film thickness
: dimensionless film thickness,
hIC = 1+rRsin6+f3
H, :dimensionless equilibrium film thickness,
1+r,Rsin6+(R—R)
k. :axial stiffness

F

F° :opening force
h

H

K- :dimensionless axial stiffness, (C/pors)k..
k.~ :angular stiffness

K, :dimensionless angular stiffness, (C/poro’)ks

M :dimensionless restoring moment, M /pory

M :restoring moment

N :shape function

p  :pressure

P :dimensionless pressure, p/p,

O  :dimensionless leakage, —(12u/C’py)Q’

O  :leakage

r  :r-coordinate

R :dimensionless radius, r/ry

t : time

W :dimensionless heat generation, (C/uw're)W*

W' :heat generation

z : z-coordinate or axial perturbed displacement
of h

Z  :dimensionless axial perturbed displacement,
yC

B :dimensionless coning, Sr/C

B°  :seal net coning, (ho—h)/(ro—r)

r  :dimensionless misalignment or perturbed

319

misalignment, 7, ry/C

: dimensionless equilibrium misalignment,
ro r/C

: relative misalignment between seal faces

A

: B-coordinate

: rotating speed

: fluid viscosity

: dimensionless time, @t

: seal operation parameter, 641wry/(poC)
12A

: residual error function

MM S AR S DT,

Subscripts
i : seal inner radius
m : seal mean radius

0 : seal outer radius

mk
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