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Lubrication Performance Analysis of a Spiral Groove Dry Gas
Seal for a High-Speed Flying Object

An Sung Lee' and Jun Ho Kim*

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

Abstract — In this study a general Galerkin FE lubrication analysis method is utilized to analyze the complex
lubrication performance of a spiral groove seal, which is being designed and developed for a high-speed flying
object application operating at a high-speed of over 50,000 rpm. As at the equilibrium seal clearance the axial
stiffness of the seal is predicted to have almost such a constant high value of 1.04 x 10° N/m regardless of a rotat-
ing speed, the seal is expected to maintain a stable thickness of lubrication film under a certain external excitation
acting. Also, as even at an ultra high-speed of 80,000 rpm the axial damping of the seal is shown to have a rel-
atively high value of 5,775 N-s/m, the dynamic stability of the seal system at the axial degree of freedom is

assured well enough.

Key words — spiral groove, dry gas seal, ultra high-speed, lubrication performance, Galerkin FE analysis, high-

speed flying object.
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Fig. 1. A detailed geometry of spiral groove seal.
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{a} Face geometry

Fig. 3. A spiral groove seal for a high-speed flying object.
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Fig. 2. A photograph of spiral groove seal face for a
high-speed flying object.
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Table 1. Geometric parameters and operating conditions
of a spiral groove seal

Inner radius =0.01110 m
Groove radius =0.01597 m
Outer radius r,=0.02085 m
Seal Groove depth C,=25 pm
geometry  Groove taper h=0 pm
Spiral angle a=350°
Groove width ratio  W/(W,+ W) =0.5
Number of grooves N,=7
Air viscosity 1=26.4521x10° Pas
Inner pressure pi=0.6078 MPa
. Outer pressure =0.8104 MPa
Operating
condition Max. rotating speed  @=280,000 rpm
Air temperature T=230C

A=6276 at h1/h2=2
and @= 55,000 rpm

Compressibility
number

Number of elements

for 1/7 section 609 (29x21)

QOperating speed (rpm) 55000

Dimensionless Position

Fig. 4. Generated P, distribution at @= 55,000 rpm and
the equilibrium seal clearance.
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Fig. 5. Average P, distribution across the seal radius at
@= 55,000 rpm and the equilibrium seal clearance.
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Fig.9. P, distribution at = 55,000 rpm and the equili-
brium seal clearance.

Equilibrium Seal Clearance {,m)
© @ e & s s s
- -3 -4 $n N & xRN @«

het
N
T

4 5 6 7 8 9
Rotating Speed {rpm} % 10°

Fig. 10. Equilibrium seal clearance vs. operating speed.
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: centerline land or ridge seal clearance, [m]
: groove depth, [m]

:film thickness, [m]

: groove taper height, [m]

:number of groove

: pressure, [Pa]

: dimensionless pressure, p/p,
: r-coordinate

s time, [s]

: temperature, [°C]

: groove width

EENTC

:ridge width
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: z-coordinate or axial perturbed displacement
of h
: dimensionless axial perturbed displacement,
AC

o :spiral angle

:relative misalignment between seal faces,
[rad]

: dimensionless misalignment or perturbed
misalignment, ¥r,/C

r :24

: @coordinate

: compressibility number or seal operation
parameter, 6uar,’/p,C*

: viscosity, [Pars]

: density, [kg/m’]

@ :rotating speed, [rad/s]

Subscripts

= groove radius
=inner radius
=outer radius

= equilibrium state
=

—_
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