IJRET: International Journal of Research in Engineering and Technology ~ elSSN: 2319-1163 | pISSN: 2321-7308

CFD INVESTIGATION OF MECHANICAL SEAL FOR IMPROVE
THERMAL PROPERTY BY USING DIFFERENT COMPOSITE
MATERIAL IN MATING RING

Lalit Kumar Bajirao Chauhan®, Sandeep Kumar Duran?

M. Tech Research Scholar, Department of Mechanical Engineering, Lovely Professional University, India
?Assistant Professor, Department of Mechanical Engineering, Lovely Professional University India

Abstract

Heat accumulation is the major cause that leads to change in material properties affecting seal performance, hence heat
dissipation is required. The paper constitutes the method to improve the heat transfer rate in mechanical seal for decreasing the
interface temperature of the seal face. Different factors that affect the performance of mechanical seal are friction, wear and its
thermal characteristics. Concept of Fourier’s law of heat conduction through cylindrical surfaces is used for optimizing the heat
transfer rate. Composite material for mating ring with different thermal conductivity is used to increase the heat transfer rate to
enhance the seal performance. Properties of Carbon graphite and silicon carbide were used in the Simulation and simulation was
performed using ANSYS Mechanical Module 14.5 and CFD FLUENT. Simulated values for the mating ring made of single
material and the composite ring was observed and compared. The interface temperature of the mating ring is effectively
decreased, due to increase in heat dissipation.

Keywords — Frictional heat, Interface temperature, Leakage, Mating ring, Mechanical seal, Thermal conductivity and
Thermal effects.

1. INTRODUCTION

Mechanical seal, leakage control device is the most
important industrial components widely used to prevent
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and stability of the pump, diameter of the shaft, temperature,
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Fig-1: Major Components of mechanical seal.

In addition, the heat generated between the interfaces is
dissipated to the flush fluid through convection process.

viscosity and the type of pumped medium, pressure of the
pump, seal and pump installation. Under Dry conditions
wear out on the contact surfaces is the major cause of failure
[1]. Conduction and convection are the two modes of heat
transfer taking place during operation. The heat conduction
occurs as heat flows through the primary ring and the mating
ring. Heat generation in mechanical seal is shown in figure
2. The thermal conductivity of the material is very important
for determining heat transfer.

Superior heat transfer coefficient and large wetted area is
required to eliminate the generated heat more effectively.
Good operating conditions are achieved when the seal faces
are partially separated by a thin lubricating fluid film (a
fraction of micrometer ~0.00025 mm). The heat transfer can
be enhanced by increasing the solid fluid contact area [2].
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Fig-2: Heat generation in mechanical seal.

According to Lebeck [3], the performance and the behaviour
of a mechanical seal face are mostly influenced by the
thermal characteristics. The seal rings rub against each other
with a very thin lubricating film in between them. The
pressure distribution in the lubricating film is composed of
hydrostatic and hydrodynamic contribution. The pressure
difference between the pumped medium and the
atmospheric, give rise to hydrostatic pressure and is
generated when the shaft starts rotating separating the seal
faces and allowing the fluid to enter the gap. When the
pump runs, hydrodynamic pressure is generated due to
pumping action. Waviness leads to the generation of
hydrodynamic pressure, increasing the lubricating film
thickness that result in the higher leakage rate. Lubrication
conditions can be modified according to the operating
conditions of the seal. Lebeck proposed the following three
lubrication regimes

Full film lubrication: It is obtained when the pressure in the
sealing gap is sufficiently high. In this type of lubrication the
seal develops a significant film thickness, and the integral
load is supported by the fluid pressure. Due to thick
lubrication there is no contact between the seal faces and the
friction is also low.

Mixed lubrication: It is the most common mode in which the
seal operates. Mixed friction is characterized by the fact that
a part of the load is carried out by the mechanical contact,
even the bulk of the load may be carried by fluid pressure.

Boundary lubrication: This condition arises if the lubricant
quantity is low or the operating speed is so low that the fluid
pressure is not properly developed. A small fraction of load
is supported by the fluid pressure. However maximum
contact between the two face seal leads to high frictional
heat generation rates.

Carbon graphite a mixture of hard carbon and graphite is the
most commonly used material for the manufacturing of
primary ring due to its high anti friction properties. Tungsten
carbide, stainless steel, silicon carbide, ceramics are used for
the manufacturing of mating ring. Low friction, higher
hardness, high thermal conductivity, higher resistance to

corrosion and high heat conductivity are the few properties
on which the selection of seal face material is performed.
Friction between the two seal faces is the major cause of
heat generation [4]. At elevated temperature the seal face
deforms and alter its geometry [5].

Different heat augmentation techniques were performed to
conquer seal failure problems. Embedding Micro heat
exchanger below the surface of mating ring improves heat
transfer in mechanical seal as described by Kountouris [6].
Etsion et al.[7] in his study of laser textured micro surface
structure with micro pores showed an improvement in seal
performance. Thermally induced radial taper, induced
waviness, heat checking and hot spotting, blistering, coking
and crystallization are the thermal effects on seal face as
described by Pascovici and Etsion [8]. Seal face material
should be properly selected while designing. The
combination of mechanical seal face material has an
important consideration in heat transfer and seal failure as
stated by Buck [9]. He showed that the combination of
different materials have different results for heat transfer.
M.M Khonsari [10] found that heat transfer can be improved
by increasing the surface area of the seal face. Using
dimples over the circumference of mating ring the
temperature of the ring can be reduced by 10%. Heat pipe
has more capacity to absorb heat from the contact face and
transfer it to the external surface to the flush fluid. Nian
Xiao and M.M Khonsari [11] showed a reduction in
interface temperature using built in heat pipe in the mating
ring. Z Luan and M.M Khonsari [12] found that the mean
fluid thickness depends on the Surface roughness. Film
thickness can be used for determining the leakage rate and
the dissipated power. Philips et al. [13] in his study observed
the impact of thermal distortions on seal. Torque, thermal
gradient and fluid flow pattern also enhance the seal
performance.

2. GEOMETRICAL AND
CONDITIONS

Material selection is an important consideration while
designing mechanical seal. For good results appropriate
material should be selected. For simulation mating ring
made of Carbon graphite in first condition and a mating ring
of composite material of carbon graphite and silicon carbide
are selected. The simple and composite mating rings shown
in the figure 3 were used for analysing the heat transfer
through them. Carbon graphite is selected for simple mating
ring, fixed on the shaft by means of support, due to its
superior wear and corrosive properties. For Composite
mating ring carbon graphite for the inner section of the ring
and silicon carbide for the outer section of the ring were
used. The fluid used is water. Thermal properties of fluid are
presented in table 1. The operating conditions and the
dimensions of the mechanical face seal are detailed in table
2 and the basic thermal properties of the material used for
seal face are shown in table 3.

OPERATING
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Fig-3: Simple mating ring and Composite mating ring
Table-1: Fluid Properties
Density (kg/m®) 997.65
Specific heat C, (J/g °C) 4.177
Thermal conductivity k> (W/m-K) 0.58
Dynamic viscosity p (Pas) *10° 0.75
Table-2: Dimensions and Operating Conditions.
Angular velocity o (rpm) 500-1500
Fluid pressure (KPa) 50
Inlet fluid temperature (° C) 22
Outlet fluid temperature (° C) 70
Mass flow rate (Kg/s) 0.003-0.015
Inner radius of mating ring (mm) 22
Outer radius of mating ring (mm) 38.5
Thickness of the ring (mm) 10
Axial clearance H (mm) 12.2

Table-3: Material Thermal Properties and Assignment.

Speci

-Cl;z(:\:jrsgtlivit Density | Poisson | fic

Material v K ‘p’ Ratio Heat
(gm/m3) (JI/Kg

(Wim k) o

g;r;r%?e 17 1610 0.23 771
(?Elilrltc):lczir; 120 3100 0.14 750
S| 152 7870 | 0265 | 490

3. NUMERICAL MODEL

Seal is designed using Creo Parametric 14.0. ANSYS
Mechanical Module 14.5 and CFD FLUENT were used for
numerical simulation of mating ring with simple and
composite mating rings. The problem is considered to be
axisymmetric. The Mechanical seal is shown in figure 4.
Surface meshing with housing and volume meshing without
housing and boundary conditions used for numerical
simulation are shown in figure 5(A) and 5(B). For getting
higher accuracy of the solution fine tetrahedral meshing was
done. Boundary conditions such as pressure outlet, velocity
and the inner and outer surfaces of seal face are defined by
appropriate boundary conditions to simulate a proper 3D
model using ANSYS ICEM CFD 14.0 software.

Fig-4: Mechanical seal.

Fourier’s law of heat conduction in cylindrical surfaces
shown in the equation states, heat transfer rate ‘Q’ is directly
proportional to the thermal gradient and is inversely
proportional to the resistance offered to the heat flow by the
material being used. The negative sign indicates the
direction of flow of heat from higher to lower level.
Resistance ‘R’ depends on the logarithm of the ratio of the
radius and the thermal conductivity ‘K’ of the material. The
thickness of the mating ring is denoted by ‘L’. Higher the
thermal conductivity, higher is the heat transfer rate. First
the heat transfer rate is observed for the mating ring of
carbon graphite. In the next segment a composite mating
ring made of carbon graphite and silicon carbide was
evaluated.

_ kA aT
Q= ox
Also,
_aT
Q= R
Where
r2
LG
2nKL
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Fig-5 (A): Surface meshing (with housing) of Mechanical
seal.
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Fig-5(B): Volume meshing (without housing) of Mechanical
seal.

4. RESULTS AND DISCUSSION

After performing simulations, theoretical and the numerical
values for heat transfer rate was calculated. It was found that
using composite ring as a mating ring, rate of heat transfer
was increased reducing the temperature of the seal face. The
variation in heat flow simulated using ANSYS Mechanical
Module 14.5 for different mating rings is shown in figures
6(a) and 6(b). The simulation performed using CFD
FLUENT shows approximate near values as observed using
ANSYS Mechanical Module 14.5. The comparison between
the graphs generated for the simple material mating made of
carbon graphite and the composite ring made of carbon
graphite and silicon carbide was observed. The temperature
drop for the mating rings along the radius is shown in the
graph in figures 7(a) and 7(b).
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Fig-6 (a): Simulated interface temperature for simple ring.
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Fig-6 (b): Simulated interface temperature for composite
ring.
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Fig-7: Temperature distribution in mechanical seal with
composite mating Ring.
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Fig-8 (a): Temperature variation with Time for Mating
Rings.
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Fig-8 (b): Temperature variation with Radius for Mating
Rings.

5. CONCLUSION

Heat removal is very important during mechanical seal
operation for better seal performance. Thus, alternative heat
augmentation techniques are highly desirable. CFD
simulations are performed to provide evidence of the
feasibility of applying the concept of composite ring in the
mechanical seal for the purpose to improve heat dissipation
through the seal face reducing the seal face temperature.
From the above results it may be concluded that the
composite mating ring made of different of material having
different thermal conductivity can be executed successfully
and is effectual in reducing the operating temperature of the
seal by increasing heat transfer rate and thus increases the
seal’s life span. Higher thermal conductivity materials such
as silicon carbide is mainly used in industrial applications as
heat diffusion rate is faster in these materials as compared to
the materials with lower thermal conductivity. Different
material combinations having different thermal conductivity
can be implemented according application requirement.
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