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HEAT CONDUCTION PROBLEM IN NON-CONTACTING FACE SEALS

S. Blasiak”

Abstract: A mathematical model describing the phenomenon of heat transfer in the system “sealing rings —
fluid film*” for non-contacting face seal was presented in this paper. The presented model was solved with the
use of analytical methods for two cases of installation of the stationary ring. The first one, when the stator is
completely isolated from the surrounding operating medium and the second, when heat transfer takes place
via convection between the outer cylindrical ring surface and the operating factor on the processing part.
The distributions of temperature fields in sealing rings were determined with the use of the method of
separation of variables, which were recorded with the use of trigonometric series in the form of surface
functions for the ring cross-section.
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1. Introduction

Mechanical seals, in particular non-contacting face seals, belong to machine elements that are
characterized by a large complexity of physical phenomena. A flow of operating medium through the
radial gap, heat transfer between the cooperating elements as well as fluid solid interaction occur there.
What is more, in many papers one may find mathematical models describing the dynamics of the sealing
rings, whose form of record is similar to the one included in the papers (Koruba et al., 2010a, 2010b;
Krzysztofik & Koruba, 2012; Krzysztofik, 2012). Taking vibrations of sealing rings into consideration,
attempts of controlling them (Takosoglu et al., 2009, 2012) using control schemes that are based i.a. on
(Laski et al., 2015) were made. Materials used for producing operating rings as well as connecting
elements made of plastics or produced with the use of the additive technology (Adamczak et al., 2014,
2015; Bochnia & Kozior, 2014; Bochnia, 2012), play a crucial role in the production of non-contacting
face seals. Due to the nature of operation of non-contacting face seals, roughness of rollers of cooperating
rings constitutes a crucial problem that needs to be taken into consideration. The materials for production
of rings must be chosen in such a way so that one ring is produced from a material of large hardness, e.g.
carborundum, tungsten carbide or stainless steel. Counter-ring, however, should be made of a soft
material, e.g. impregnated graphite. Another aspects regarding the production and installation of the
elements of non-contacting face seals are dimensional accuracy as well as consideration of proper shape
and location tolerances (Miko & Nowakowski, 2012a, 2012b). Another phenomena which might
influence the proper operation of the described type of sealing are phenomena related to heat transfer and
associated thermal deformations that were presented in a detailed way in the paper (Blasiak, S. et al.,
2012; Blasiak, S., 2015a). Research posts, where sensors for measuring temperature and vibrations were
applied (Blasiak, M. & Kotowski, 2009), are widely described in the literature. The specificity of
operation of non-contacting face seals, i.e. high angular velocity of the rotating elements, small gap of
(~1um ) (Takosoglu et al., 2014), roughness of the cooperating surfaces or thermos-elastic deformations

of the operating rings as well as many more other factors influence the operation of non-contacting face
seals. Preparing and developing the mathematical models describing the above mentioned phenomena
allow to obtain more and more detailed results of the analyses. Moreover, the choice of proper materials
for sealing rings adjusted to the working conditions as well as determining the temperature value at the
design stage or during bench studies allow to avoid excessive wear of the surface of sealing rings and
prolong the lifetime of the cooperating elements. The subject of this paper was to identify the phenomena
related to heat transfer in particular elements of non-contacting face seals.
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2. Non-contacting face seal model

The overall scheme of non-contacting face seal for two cases of installation of the stationary ring was
presented in Fig. 1. Non-contacting face seal consists of two cooperating rings — stator (1), which is
firmly fixed in the casing, and rotor (2), which rotates together with the shaft (6) of the rotating machine
and is pressed with the spring (3) against the stator.
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Fig. 1. Scheme of non-contacting face seal. a) stator convection, b) stator insulation;
1 - stator, 2 — rotor, 3 —spring, 4 — casing, 5 — O-ring, 6 — shaft, 7 — retainer.

The mathematical model describing the phenomenon of heat transfer was presented in papers (Blasiak, S.,
2015b). As one of the boundary conditions was assumed the fact that the surfaces of operating rings
(Fig.2) with no direct contact with the surrounding liquid are completely isolated. It was recorded in a

00 . . .
general form e 0, where n — means a direction normal to the surface. On the face ring surfaces (stator
n

and rotor) limiting the radial gap, and with direct contact with the medium layer, the condition regarding
the case of heat transfer via conduction is fulfilled.
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Fig. 2. Heat transfer boundary conditions, a) stator convection, b) stator insulation.

The values of heat flow on the surfaces of the element and medium under consideration are
respectively:

s f
on the stator surface: ¢°,(x)=A° 869 =1 o _ 0 and @° = 0" on the rotor surface
X
(00" 00" | f . .
A 6—:/1 P q',(r) and @' =6". It means that the maximal temperature it to be found on the
X X

border between the fluid film and stator, where there is the biggest friction of the fluid against the
stationary ring surface. Thus, almost the whole heat flow is transferred by the second ring, namely the
rotor. On the rotating surface of the stator and rotor (Fig.2) that contacts the surrounding medium, heat is
transferred via free convection. It was generally recorded in the form: —A' 90"
y=L

=a'0'| , where
y-L,
y

i =r,s rotor and stator respectively.

2.1. Analytical solution

The model of heat transfer in non-contacting face seal was solved analytically. In the first phase, the
temperature distributions in sealing rings were determined by stipulating a general form of functions
satisfying Laplace’s equation (1), both for stationary ring (stator) as well as rotor, with accepted boundary
conditions. Used in this case, the transition from the cylindrical coordinate system to the Cartesian
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coordinate system, considerably simplifies the analytical calculations. Appearing for the cylindrical
coordinate system, Bessel functions increase the calculation time in mathematical programs.
2 2
06,99_y (1)
ox- oy
The presented analytical calculations were conducted similarly as in the paper (Blasiak, S., 2015b). The
final formulas describing the temperature distributions in sealing rings are presented below:

in the rotor:

Ly

) —I gcos(s,y)dy
0 =T0+z 0 cosh(Sn(Lx—X))Cos(Sny) )
s,sinh(s,L, )| cos’(s,y)dy

c—

and the in insulated stator:

LY
2-_[ chos(n”dey by ot
. L 0" )dy
TS =T, +y — ’ cosh[nl_—”(Lx—x)Jco{T_—ﬁYJJfM—)a Q)
n=1

L
cosh {nl_ﬁ(LX )J L, ’ g

y
Y

as well as in the non-insulated stator:
LY
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The above dependencies served to determine the temperature distributions in the system “fluid film -
sealing rings”.

3. Numerical results

The calculations were conducted for operating and geometric parameters from the paper (Blasiak, S.,
2015b). It was assumed that waterT, of 20°C was the operating medium. In the geometry of mechanical

seal it was assumed that the outer radius was 45 mm, and the inner 40 mm for both cooperating rings. It
was assumed as well that the rotor rotates with the angular velocity of 500 rad/s. Thermal conductivity for
the rotor of A"= 130 (W/m-K), and for the stator of 2°=15 (W/m-K) was taken into consideration. The

height of the radius gap on the assumed level 1 um .was taken into account.
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Fig. 3. Temperature distribution, a) stator convection, b) stator insulation.
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On the basis of the obtained results, it might be concluded that the temperature distribution in the gap is at
the same level. The temperature differences are visible only in case of stator what results from the method
of its installation in the casing. For the insulated stator (Fig. 3b), the temperature is practically in the
entire cross section at the level of 43 °C. For the stator (Fig. 3a), which is not insulated, the temperature
on the outer radius is similar to the temperature of the working medium on the processing part. On the
basis of (Fig. 3a), uneven temperature distributions in cooperating rings might be observed. It results from
various physical properties of the materials that the rings are produced from. Diversification of
temperature distributions in sealing rings changes the geometry of the radial gap, which results from
thermos-elastic deformations.
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4. Conclusions

The main task of non-contacting face seals is to keep tightness regardless of external factors. There is a
tight relation between the geometry of the radial gap and the leakage. Deformations due to uneven
temperature distribution in the sealing rings are main connecting factors. Developing more detailed
mathematical models and determining temperature values already at the design stage provide the
researchers and constructors with crucial knowledge that is essential while designing such devices. This
knowledge, in turn, translates into huge reliability and longevity of the constructions.
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