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Lubrication Performance Analyses of Spiral Groove Dry Gas
Seals - Part I: FE Analysis and Basic Performance Evaluation

An Sung Lee’, Jae-Hun Yang* and Dong-Hoon Choi**#

Rotor Dynamics Group, Korea Institute of Machinery and Materials
*Mechanism Design 1 Team, LG.PHILIPS LCD
**School of Mechanical Engineering, Hanyang University

Abstracts — In this study a general Galerkin FE lubrication analysis method for the compressible Reynolds equa-
tion in cylindrical coordinates is presented. Then, the method is applied for analyzing lubrication performances
of spiral groove dry gas seals. The effects of coning and number of groove on performance indices are evaluated
at low and high rotating speeds: 3,600 and 15,000 rpm. Results show that, for the primary design consideration
performances such as the opening force and axial and angular stiffnesses, a negauve or small coning and a large

number of groove are preferred.

Key words — spiral groove, dry gas seal, lubrication performance, Galerkin FE analysis, opening force, leakage,
axial stiffness and damping, angular stiffness and damping, coning, number of groove.
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Fig. 1. Geometry and design parameters of a spiral
groove face seal.
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Fig. 2. Cylindrical coordinate system for two seal ring
faces.
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Fig. 4. A spiral groove seal face: (a) Geometry, (b) FE
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Table 1. Geometric parameters and operating conditions of a gas spiral groove face seal [19]

Inner radius r;=0.07112m
Groove radius r,=0.076454 m
Outer radius r,=0.0839 m
Seal clearance C =254 pm
Seal geometry
Groove depth C,=2.54 pm
Spiral angle a=20"
Groove width ratio 05 (W, =W)
Number of grooves N,=12
Viscosity 1=10963x 107 Pa-s
Inner pressure =0.1013 MPa
Operating condition Outer pressure =0.505 MPa

Rotating speed
Compressibility number

o= 3600 or 15000 rpm
A =60 or 250 for Drfr=Po

Number of elements for 1/12 seciton

651 (31 x 21)
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z =

K v

th

NS X Xy

. area, [m?]
: dimensionless area, A’/r,’
: centerline land or ridge seal

clearance, [m]

: groove depth, [m]
: axial damping, [N -s/m]
: dimensionless axial damping,

(Cap,r,)d,,

: angular damping, [N - m - s/rad]
: dimensionless angular damping,

(Calpor, Yy

: opening force, [N]
: dimensionless opening force,

(UprHF

: film thickness, [m]
: groove taper height, [m]
: dimensionless film thickness,

MC=1+ yRsinB+ BR—-R)

: dimensionless equilibrium film

thickness, 1+ %Rsinf+ B(R~ R)

: axial stiffness, [N/m]
. dimensionless axial stiffness,

(Clpr Yk

: angular stiffness, [N - m/rad]
: dimensionless angular stiffness,

(Clpor. 04)k7“7‘

: restoring moment, [N - m]
: dimensionless restoring moment,

M /par,,3

: shape function

: number of groove

: pressure, [Pa]

: dimensionless pressure, p/p,
: radial leakage, [kg/s]

: dimensionless radial leakage,

~(12uR,TIC’p)Q’

: r-coordinate

. dimensionless radius, #/r,

: gas constant, [N - m/kg - K]
: time, [s]

: absolute temperature, [K]

Joumal of the KSTLE

LY - FHE - HEE

w : heat generation, [W]

w : dimensionless heat generation,
(Cluarr, )W

W, : groove width

W, : ridge width

b4 : z-coordinate or axial perturbed

displacement of &

N

: dimensionless axial perturbed
displacement, z/C

: spiral angle

: seal coning, (h,— h)/(r,—r), [rad]

. dimensionless coning, B7/C

< ™) R

: relative misalignment between seal
faces, {rad]

: dimensionless misalignment or

-

perturbed misalignment, ¥r,/C
: dimensionless equilibrium misalignment
1 2A
: B-coordinate

- O MR

: compressibility number or seal
operation parameter, 6r,/p,C°

: fluid viscosity, [Pa - s]

« density, [kg/m’]

. dimensionless time, ¢

g ™ &

: rotating speed, [rad/s]

Subscripts
e = element

= groove radius

o

= inner radius

~.

outer radius

S 0
]

equilibrium state

o
rot

o

gl
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