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Numerical Study of Thermal Deformations Due to Frictional Heatings in a

Mechanical Face Seal

Jung-Yoon Hahm - Chung Kyun Kim
Tribology Research Center, Hongik University

Abstract - The thermal deformation of the contact seal components has been

analyzed using the finite element method.

The temperature distributions, the thermal

deformations and contact stresses are solved numerically for the contact surface with

wear coning effects. The thermal deformation is always shown to distort the sealing

surface along the radius of the seal ring. The results show that the deformations of

inner radius side are significant compared with those of outer radius. Thus, the

thermal deformation due to thermal heatings may promote the coned face wear or

wear related thermal cracks at the contacting face of the seal ring component.
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Table 1. Material properties of
mechanical face seals.

Seal Materials Carbon Ring| SiC Seat
Young's modulus, MPa 24,909 353,040
Poisson’s ratio 0.2 0.16
Density, kg/m’ 18,000 31,000
Yield stress, MPa 54917 24517
Specific heat, J/kgK 6.2802%10° | 6.6989%10°
’Iw"k;:nn;al conductivity 3489 83736
Thermal expansion rate} 4x10° 39x107

Table 2. Simulation data for a
FEM computation.

Seal Materials Carbon Ring| SiC Seat
Number of nodes 452 248
Number of elements 406 224

4~node isoparametric
Element type quadrilateral for axisy-
mmetric application
Contact distance 3
tolerance, ©m
Spring force, N 62
Pressure of sealed fluids,
MPa 2.4517
Ambient temperature, C 25
Water temperature, C 50
Friction coef. at contact 01
zone )
Mean film thickness, u#m 1
Quter radius, m 0.01219
Inner radius, m 0.01025
Angular velocity, mm 5,000
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Fig. 6 Temperature profiles of the
contacting surface for various combinations
of wear coning effects with a initial wear
depth of 70 #m at the outer radius.
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Fig. 7 Contact stress distribution between
seal ring and seal seat for wear coning
effect 40%, which is intiated from the
inner radius of the seal with 70 um initial
wear depth.
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Fig. 8 Contact stress profiles of the
contacting surface for various combinations
of wear coning effects with a initial wear
depth of 70 #m at the inner radius.

-153-



=
olgde] FARE A4 E Figs 3
T 4ol A BAFE AAY wtEEe g3 FH
DeErt AFse WEHAH(Bell Shape)ol
etz olRAe BE g Fdol thile
A FANSE o2 vYetva A
Fig. 55 #7449 vhdo] 40% e
nt g HER Ui L EEXE RAFE
ABRE @Y Fo] AF AHE H4AF 4
2gdeE WAR gRdA Hn2xrt
T8t Jded, IR Fig. 29 AAzx
Ao HARE ddAH7] Wi vg
v #4de ¢ & Ak Fig. 62 FEd
o] otd :e o3 AdvtA HEFE ¥
4 dsle] wE LXEXE AU uA
(¥ : O)22HEEH H4AHMHE Doz 7
AA Alabg Aol Fig. 69 AAEdn
of o3t ulAH g & 7
whd 3y 2l A ANYHEY WAR
M 7HE e 2%t BART AR
A5 2x7F SUdtA "olAe BEUE
BejEeh a2y oiEo] YAF I RE
20%, 40%, 60967t A Y=HA A 9
ZL o1, X UAREEH 97
22 dE F43% €A1 gl g
FPFAAMY HEHH L FolE7] g
W 7 Foll A =
7t A e, =3 gFRZ A
He FEA7 FEEs gHFE Z
FE R e givd] 2A fFAE

A EZo

x\j&

Fig. 3 Temperature distribution between
seal ring and seal seat for wear coning
effect 40%, which is initiated from the
inner radius of the seal with 70 um initial
wear depth.
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Fig. 4 Temperature profiles of the

contacting surface for various combinations
of wear coning effects with a initial wear
depth of 70 #m at the inner radius.
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Fig. 5 Temperature distribution between
seal ring and seal seat for wear coning
effect 40%, which is initiated from the
outer radius of the seal with 70 #m initial
wear depth.
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Fig. 9 Contact stress distribution between
seal ring and seal seat for wear coning
effect _40%,_ which is initiated from the
outer radius of the seal with 70 zm initial
wezr depth.
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Fig. 10 Contact stress profiles of the
contacting surface for various combinations
of wear coning effects with a initial wear
depth of 70 #m at the outer radius.
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Fig. 11 Axial displacement distribution
between seal ring and seal seat for wear
coning effect 40%, which is initiated from
the inner radits of the seéal with 70gm
initial wear depth.
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Fig. 12 Axial displacement profiles of the
contacting surface for various combinations
of wear coning effects with a initial wear
depth of 70 #m at the inner radius.

Fig. 13 Axial displacement distribution
between seal ring and seal seat for wear
coning effect 409, which is initiated from
the outer radius of the seal with 70u¢m
initial wear depth.
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Fig. 14 Axial displacement profiles of the
contacting surface for various combinations
of wear coning effécts with a initial wear
depth of 70 #um at the outer radius.
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