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Lubrication Performance Analysis

of A Low-Speed Dry Gas Seal having An Inner Circular Groove

An Sung Leet , 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 was utilized to
analyze the complex lubrication performance of a spiral groove seal having an additional inner
circular groove, which was designed for a chemical process mixer operating at a low speed of
the maximum 500 rpm. Equilibrium seal clearance analyses under varying outer pressure
revealed that the seal maintains a certain levitation seal clearance under the outer pressure of
more than about 1.5 bar, regardless of a rotating speed. Also, under the normal outer pressure
of 11 bar, the axial stiffness of the seal was predicted to have a high value of more than
7.0e+07 N/m, regardless of a rotating speed and thereby, the seal is expected to maintain a
stable thickness of lubrication film under a certain external excitation acting.

Key words - spiral groove, dry gas seal, low-speed, inner circular groove, lubrication
performance, Galerkin FE analysis
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(a8} A face geometry

(b) An exaggerated 3-D view of groove
pattern

Ia
€. 77
#

[ r;,,«
L

.,

AN

(¢} Geometries of sealing clearance and
groove depth

Fig. 2 A detailed geometry of spiral groove

seal having an additional inner circular groove
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Table 1 Geometric parameters and operating conditions of a WICG seal

Inner radius 7;=0.05752 m
Inner groove radius 7 =0.06216 m
Groove radius r,=0.06317 m
Seal Outer radius r,=0.07403 m
ecometry Groove depth C,=16.0 um
Groove taper h,=4.0 pm
Spiral angle a=15.,9°
Groove width ratio 0.3, WJ(W+W)
Number of grooves N,=12
Air viscasity 4=18.7368x10"6 Pa- s
Inner pressure bp:=0.1013 MPa
Operating Max. outer pressure $,=1.1143 MPa
condition Max. rotating speed w=500 rpm
Air temperature T=32TC
Compressibility number A5

Number of elements for 1/12 section

609 (29x21)
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Fig. 3 A WICG spiral groove seal

a5 ] LY 1
Oimansionless Position

(b) FE mesh

A9 B4 HeYE wlvk 53, Fig. 72
PH w= 0 pmiA AHE HF P9 ¥
o} vit(back pressure)e} §< HHH Y
Fu2, AT gl A& A9 A4
g WICG Ado] §3&%o) Hagle] &
A AR £ NLEANE S ¢ F o

t}

s

Figs. 8-112 H3dg4d  Ad  E4,
b= 11 bar, 28] @= 500 rpmor of
29 P, P,

P, P,

P, st P,

=

Fig. 125 p,= 11 barof ] L& A&
et L NUdEAE BFY, &
£7} 0olA 500 pmoZ Z7bale] whal
FAE AdEMN7E vldeled o Soteo
Fig. 135 p,= 11 bar$} h1/h2(=1+Cy/C) = 3
oA FTHEE R ARAE BHAFH,
A 7} F7Hgel wel spgEel wlelE
o] ebzh Z7hatd. Fig. 145 p,= 11 barol
i 2H4&Te] e FHAFE BoPo, &
b Z7bstel wEl hi/h2 = 3 A
P 4387 GEA FAH%Fe] nl st
of of S Z4A Frietel, HE A AY

A
KA
£

o
2
Ay
it

204



Cperabng speed (rpm) = 500
hinz= 292325

‘M3 Pressure = 11
il e sture = t

Dimensloniess Pressure

Dimensioniess Position
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Fig. 5 Average P, distribution across the

seal radius at w= 500 rpm, p, = Il bar
and the equilibrium seal clearance
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Fig. 12 Equilibrium seal clearance vs.
operating speed at p, = 11 bar
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