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Abstract

A mechanical face seal is a tribo-element intended to control leakage of working fluid at the interface of a
rotating shaft and its housing. Leakage of working fluid decreases drastically as the clearance between mating
seal faces gets smaller. But the very small seal clearance may result in an increased reduction of seal life
because of high wear and heat generation. Therefore, in the design of mechanical face seals a compromise
between low leakage and acceptable seal life is important, and it presents a difficult and practical design
problem. A fluid film or sealing dam geometry of the seal clearance affects seal lubrication performance very
much, and thereby its optimization is one of the main design considerations. In this study the Reynolds
equation for the sealing dam of mechanical face seals is numerically analyzed, using the Galerkin finite
element method, which is readily applied to various seal geometries, to give lubrication performances, such as
opening force, restoring moment, leakage, and axial and angular stiffness coefficients. Then, to improve the
seal performance an optimization is performed, considering various design variables simultaneously. For the
tested case the optimization has successfully resulted in the optimal design values of outer and inner seal radii,
coning, seal clearance, and balance radius while satisfying all the operation subjected constraints and design
variable side-constraints, and improvements of axial and angular stiffness coefficients by 16.8% and 2.4%
respectively and reduction of leakage by 38.4% have been achieved.
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Secondary seal

Fig. 1 Schematic of a mechanical face seal
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Coordinate system for seal rings
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Fig. 3 Plane bilinear isoparametric element
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Fig. 4 Geometries of primary and mating rings with
coordinates system
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Fig. 5 Forces on an outside pressurized seal
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Fig. 6 Flow chart for optimization scheme
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Table 1 Input data for optimization
Dimensions and operating conditions
r Seal outer radius [m] 0.04
r Seal inner radius [m] 0.032
v Seal balance radius [m] 0.036
c Centerline clearance [m] 1.0x10°
Shaft speed [rpm] 9550
. Outer pressure [MPa] 0.1
P Inner pressure [MPa] 0.0
. Spring force [N] 400
H Viscosity [Pa-s] (49°C water) 5.0x10%
q. Upper bound leakage [m*/s] | 2.47x10%
(Pv) |  Upper bound PV [Mpa-m/s] 17.5
T Shaft radius [m)] 0.03
,:mm Housing radius [m} 0.042
Cct Lower bound clearance [m] | 5.0x10°
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Table 2 Initial vs. optimized design variables in
dimensional values
Initial value | Optimal value
Coning [rad] 0.00313 0.00245
Outer radius{m] 0.04 0.0391
Inner radius [m] 0.032 0.03
Balance radius [m] 0.036 0.037
Clearance [m)] 1.0x10° 1.18x107

Table 3 Initial vs. optimized performance factors in
dimensional values

Initial Optimal
value value

Axial stiffness [N/m] 1.91x10° | 2.23x10°
Angular stiffness[N-m] 9523 974.7

Leakage [m’/s] 247x10° | 1.61x10°
Opening force [N} 144.0 158.4
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