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-Lubrication Performance Analysis and Experiment of a
Low-Speed Dry Gas Seal having an Inner Circular Groove
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*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 anal-
yses 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 7.0 ¢ + 07 N/m, regard-
less of a rotating speed and thereby, the seal is expected to maintain a stable thickness of lubrication film under
a certain external excitation acting. A seal levitation test rig was designed and constructed. Experimental results
at 500 rpm agreed well with analytical predictions and the applied lubrication analysis method was verified.
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Fig. 1. A typical face geometry of original spiral groove
seal.
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(a) A face geometry
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(b) An exaggerated 3-D view of groove pattern
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(¢) 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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Fig. 3. A WICG spiral groove seal.
Table 1. Geometric parameters and operating conditions of a WICG seal
Inner radius r=0.05752 m
Inner groove radius 1= 0.06216 m
Groove radius re=0.06317 m
Outer radius 7,=0.07403 m
Seal geometry Groove depth C,=16.0 um
Groove taper h=4.0 pm
Spiral angle a=15.9°
Groove width ratio, W /(W,+ W) 0.3
Number of grooves Ny=12
Air viscosity #=18.7368 x 10°Pa-s
Inner pressure pi=0.1013 MPa
. L. Max. outer pressure po=1.1143 MPa
Operating condition Max. rotating speed =500 rpm
Air temperature T=32C
Compressibility number A<S5
Number of elements for 1/12 section 609 (29 x 21)
Operating speed {rpm) = 500 2 ) ] N N N
® hih2 = %92325( i, Pressure = 11 Opening Force = §822.84 N
s ] essure = 1 Heat Genkration = 0.0028768B W
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Fig. 4. Generated distribution at «=500rpm, p,=11 Fig. 5. Average distribution across the seal radius at w=
bar and the equilibrium seal clearance. 500 rpm, p,= 11 bar and the equilibrium seal clearance.

Journal of the KSTLE



U 94y TRRE 2E A%

Operatlng speed( rpm) =0
P

Dimensioniess Pressure

Dimensionless Position

Fig. 6. Generated distribution at o=0rpm, p,=11 bar
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Fig. 7. Average distribution across the seal radius at
@=0rpm, p,= 11 bar and the equilibrium seal clearance.
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Fig. 8. P, distribution at ©=3500rpm, p,=11bar and
the equilibrium seal clearance.

o5

- [
A 1 0.5
" Dimensionless Position

Fig.9. P, distribution at «=>500rpm, p,= 11 bar and
the equilibrium seal clearance.
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Fig. 10. P, distribution at @ =500 rpm, p, =11 bar and

the equilibrinm seal clearance.
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Fig. 11. P, distribution at & =500 rpm, p,=11bar 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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Fig. 20. A sectional drawing of dry gas seal levitation
test rig.
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Fig.22. A photograph of constructed dry gas seal
levitation test rig.
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Fig. 23. Seal levitation experiment result under the
stator seal ring's weight itself and ambient pressure.
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Fig. 24. Seal levitation analysis result under the stator
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C  =centerline land or ridge seal clearance, [m]
C, =groove depth, [m]

h  =film thickness, [m]

h, = groove taper height, [m]

N, =number of groove

p  =pressure, [Pa]

P =dimensionless pressure, p/p,
r  =r-coordinate

t =time, [s]

T  =temperature, [°C]

W, =groove width
W, =ridge width

z  =z-coordinate or axial perturbed displacement
of h

Z  =dimensionless axial perturbed displacement,
2/C

a  =spiral angle

¥  =relative misalignment between seal faces,
[rad]

7 =dimensionless misalignment or perturbed
misalignment, y'r,/C

I =24

6 = Gcoordinate

A =compressibility number or seal operation

parameter, 6 u @ r,X/p, C*
u  =viscosity, [Pa - s]
p = density, [kg/m’]
® =rotating speed, [rad/s]

Subscripts

g  =groove radius

g  =inner circular groove radius
i =inner radius

o  =outer radius

0  =equilibrium state
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