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Abstract

A mechanical face seal is a tribo-element intended to control leakage of working fluid at the interfac e
between a rotating shaft and its housing. Leakage of working fluid decreases drastically as the clearance of the
mating seal faces gets smaller. But the very small seal clearance results 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 aff ects seal lubrication performance very
much, and thereby it 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. Film pressures of the sealing dam are analyzed, including
the effects of the seal face coning and tilt. Then, lubrication performances of the seals, such as opening forces,
restoring moments, leakage, and dynamic coefficients, are calculated, and they are compared to the results
obtained by the narrow seal approximation.
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Table 1 Mechanical face seal dimension data and
operating condition
Mechanical face seal dimension data
& operating condition

r; Seal outer radius [m] 0.04
vl Radius ratio [-] 0.8/0.98
c' Design clearance [m] 1.0x107
® Shaft speed [rpm] 9550
p. | Outside gauge pressure [Pa] | 1.0x10°

P, Inside gauge pressure [Pa] 0.0
a (60°(§/ i:':\(t):gy[Pa-s] 5.0x10
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Table 2 Comparison of dynamic coefficients

&, 0.8 0.98
Diff. iff.
A | B | D Al B |D
) (%)
Kz | 00698 | 00736 | 52 | 0266 | 0268 | 05
K, [00213 | 00232 | 83 | 0ll6 | 0117 | 06
C,, | 00268 | 00278 | 38 | 00156 | 00156 | 0.6
C, | oo0t04 | 00113 | 82 | 00062 | 0.0067 | 06

WEE RAFY, Hof Aol 9.1% ojn

42 SE4M9 |

Alde] FEAAs Y A7} Table 29 vEF
vt} Table 2014 AR B =89 4384 &
84 AnE, 183 BE Greend} FEtsion"d)
Narrow seal’7}A 314 AHE verdct Ao zfo]
= Bzl 0.8Y W 8.3%, 181 wrAH] 0.98Y
 0.6%E Bolx ot

5.8 B

B @FoME Galerkin #3842 SE8AAEE
ol &dted H|FEF4A vAYZE Holx AU &8
A ¥ FEANYE FRd4Y 233 Yy
71 €A wE Y, YA2EY.BUHE, F4
AAATS AHAFEY H3E nFFg oy 1
235 393t o537 g

) 74, AEELE 393 Alde 71&oF ]
Z7METE ZbE

) BAATY Y2EH.EHEE AJd9 7€
ool TS FrE T, 3de] FUMES
2 U1t tA] Aadte AL Bl o
= B3 ZFAASY AS H-Y 7 ol &4
ig‘% BoEr),

h‘



922 HA9d . oleky - AFE

@) AHATsE 3ol TUEFE B4,
Nge 71gojde] FEFE F7 } = AES
B3t

@ Age s#AdsH FEA

Jge T

Atz AYEA, 24, 71g017, BFM Sol
Ak,
B9, 44" A9 wANE  dEhie

R, =084, #3824 X593 Narrow seal 7}
A Mo o3 ZHE f#8AFH FEAAT
0%l A dXEE & & AT @A, =
7} 1B A ¥ Narrow seal” 34 A7} AL S
g & gled, 2 A3 Adrr 7= A
AAME Fe8iy Fol % FAHY A
7} AbgEojol & Ao @A
faal

Atal

ik}

Ao

(1) Ludwig, L. P. And Greiner, H. F., 1978a, “Designing
Mechanical Face Seal for Improved Performance: Part
1-Basic Configuration,” Mechanical Engineering, Nov.,

pp. 38~46.

(2) Ludwig, L. P. And Greiner, H. F., 1978b, “Designing
Mechanical Face Seal for Improved Performance: Part
2-Lubrication,” Mechanical Engineering, Dec., pp.
18~23.

(3) Lebeck, A. O., 1991, Principles and Design of
Mechanical Face Seals, John Wiley & Sons, Inc.

(4) Etsion, 1., 1980, “The Effect of Combined Coning
and Waviness on The Separation Force in Mechanical
Face Seals,” Journal Mechanical Engineering Science,
Vol. 22, 2, pp. 59~64.

(5) Etsion, I. and Sharoni, A., 1980, “Performance of
End-Face Seals with Diametral Tilt and Coning-
Hydrostatic Effects,” ASLE Trans., Vol. 23, 3, pp.
279~288.

(6) Sharoni, A. and Etsion, I, 1981, “Performance of
End-Face Seals with Diametral Tilt and Coning-
Hydrodynamic Effects,” ASLE Trans., Vol. 24, 1, pp.
61~70.

(7) Green, 1. and Etsion, 1., 1983, “Fluid Film Dynamic
Coefficients in Mechanical Face Seals,” ASME Trans.
Journal of Lubrication Technology, Vol. 105, 2, pp.
297~302.



