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Numerical Study of Thermal Deformations Due to
Frictional Heatings in a Mechanical Face Seal

Chung Kyun Kim and Jung-Yoon Hahm

Tribology Research Center, Hongik University

Abstract—The thermal deformation of the contact seal components has been analyzed using the fin-
itz 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 al-
ways 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 ther-
mal 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.

Key words—mechanical face seal, thermal deformation, wear coning, FEM, contact stress.
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Fig. 1. Typical mechanical face seal.
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Table 1. Material properties of mechanical face seals

A el 51

Table 2. Simulation data for a FEM computation

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

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 54.917 24517
Specific heat, J/kgK 6.2802% 10" 6.6989x 10°
Thermal conductivity W/mK 3,489 8373.6
Thermal expansion rate 4x10° 3.9x10°

Element tyvpe 4-node isoparametric
quadrilateral for axisy-

mmetric application

Contact distance tolerance, pm 3

Spring force, N 62

Pressure of scaled fluids, MPa 24517

Ambient temperature, "C 25

Water temperature, 'C 50

Friction coef. at contact zone 0.1

Mecan film thickness, pm i

Outer radius, m 0.01219

Inner radius, m 0.011025

Angular velocity, rpm 5.000
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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 pum initial
wear depth.
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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 pm initial
wear depth.

110 —T T T
- —8— No Wear Coning
—A-—20% Wear Coning ﬁ
goJ — #— 40% Wear Coning
cU - -&— 60% Wear Coning
L 80 J
=
=
I
8 70
g 1
=
b5 N
—~ 60 LN
®
50 1 e sssian " -
——— T T T T
0.0 02 0.4 0.6 0.8 1.0

Radius Ratio R/R

Fig. 6. Temperature profiles of the contacting surface
for various combinations of wear coning effects with a
initial wear depth of 70 pm at the outer radius

shia] A
& 4 ol Fig. 02 Askstel Sl nwi 2

s Lﬁn]t'ﬁ EARRRAS) ] /jo o )

1

o) WA b e St s s 917—“'-:;_
Ao ok s WolA) i A ol

refu} mhdo]
wH A AlA
HE] SR A

EEEPEIRE

2| fg ”r P “rH 20%, 40%, ()()%7} 21 8}

SRR el A

N Lﬂ 5] u!o]/(] A o]u]__ u],qj e
=71 wieof] ] A el A4
Q= LPO%EIH} A =has)

A} 2bgabi A

=1 z«L - Sro]



71AE R Al gl 2] whaked

el

N

i ohaheazis djibe] whA| ol Hlek

32 HE2 51N

Flg, T~ ]% 1(),4 n]-/d- »(:]_J__ S q{o”/qg] 2}1;}:1:%.21
o onbdnkeke] AZofH o uhela] feh s e A
}c} ;:1:“'}":;;’ .‘13_01:[;:17. C}]‘;]‘. FlY
40%2) v
OEERIEES
A A AR 49“

<)

Chi= AALE ol o slch. Fig 8 3o wittel o)

fob

Equivalent Yon Mises )

Fig. 7. Contact stress distribution between seal ring
and seal seat for wear coning effect 40%, which is in-
itiated from the inner radius of the seal with 70 pum in-
itial wear depth.

36 T T T T T T
344 |- w—-No Wear Coning | I
|

30 ] -4— 20% Wear Coning f

28 4 1—-e— 40% Wear Coning /
243 & 60% Wear Coning l ! ~

<]
-3
1

Contact Stress, MPa
—e

IS I D DR P P DR S T T S S S e B |

T
0.0 0.2 04 06 08 10

Radius Ratio R/R |

Fig. 8. Contact stress profiles of the contacting surface
for various combinations of wear coning effects with a
initial wear depth of 70 pm at the inner radius.
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itial wear depth.
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