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1. Introduction

The principal rule for the stuffing-box packings is to ensure the stem valve sealing. The
behavior of these systems is affected by the operating conditions, which are the gland axial
stress, the temperature, and the fluid pressure, as well as the mechanical and geometrical
properties of the various components. In this paper, a numerical study using finite element
method is presented to evaluate the radial contact stresses, the axial stresses, and the lateral
pressure coefficients in a stuffing box system under the tightening gland load and the tem-
perature field. The results of the elaborated numerical model show that if the temperature
of the confined fluid varies, the contact pressures and the lateral pressure coefficients vary
accordingly. When the temperature of the fluid increases, the tightening stress must be ad-
justed to ensure leak tightness and thus efficiency and efficiency of the gland system.

pressed by the gland; between the stem and the housing;

he packed stuffing boxes are the most systems,

designed for sealing, used in the industrial instal-

lations. Their role is to ensure sealing of stem-
valve, piston pins, and actuators. They stop the fluid
confined inside an equipment escape to outside. Braided
packing rings, made from deformable and relatively in-
compressible materials, are compressed to perform this
sealing function. The malfunctioning of these assemblies
can cause considerable damage to the environment and
in some cases life losses. The braided gaskets are com-
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as shown in Fig.1.

The application of optimum gland axial stress gen-
erates contact pressures at packing-housing and at the
stem-packing surfaces. The optimum value of this contact
pressure is required to ensure the effectiveness and ef-
ficiency of the confinement. The confinement of fluid is
also, affected during operation by temperature. The trans-
fer of heat from the confined fluid to the components of
the assembly has not yet been integrated into the design
and modeling of gland assemblies with braided seals.
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Figure 1. A packed stuffing-boxing system

The stresses distribution in stuffing-box systems attract-
ed considerable attention from researchers over the past
few decades. During the installation of the stuffing-box
systems, the tightening of the gland imposes a non-uni-
form distribution of the axial pressure along the packing.
A substantial portion of this axial stress is transferred to
the stem and the housing through the side surfaces of the
packing as a contact pressure. Older studies "' have shown
that these stresses vary exponentially according to the axi-
al position as mentioned in the expression in equation (1).

o=cpe™

q[:KJDe-ﬂx (1)
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With D the axial stress applied by the gland to the
upper packing surface. g; and qo are radial contact stress
at the packing-stem and the packing-housing interfaces.
K, and Ko are the lateral pressure coefficient at the pack-
ing-stem and the packing-housing interfaces, which rep-
resents the transfer rate of the axial stress in radial stress,
and a coefficient characterizing the materials and the ge-
ometry of the assembly components.

The first expression of noted, is proposed by Ochon-
ski'" considering the equilibrium of forces acting on the
packing. The second expression, noted 2, is calculated by
Pengym et al'”, adding the balance of moments but always
keeping punctual forces. The third expression, noted b, is
proposed by Diany et al.”), considering a uniform distribu-
tion of the contact stresses. Equation (2) presents the three

expressions of b.
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Where d and D are the inner and outer packing radii
(mm), u, and p, are the Friction coefficient between pack-
ing-stem and between packing-housing respectively.

The behavior of the packing in the operating conditions
relative to its axial compression, which produces radial
contact stresses, is characterized by the factors K; and K.
The determination of these key factors was initiated ex-
perimentally by Bartonicek et al. **!, and Klenk et al.”*”.
Thereafter, Diany et al.”™ proposed a simplified analytical
approach using the thick-walled cylinder theory to study
stresses and displacements of stuffing-box packing and
calculate the lateral pressure coefficients. They proved
that the contact pressure ratio is approximately equal to
one and that the interface contact pressure depends on dif-
ferent parameters such as the assembly geometry, friction
and the mechanical characteristics of the used materials.
The same authors” developed a hybrid method to charac-
terize the braided packing. Three-axial compression tests
combined with finite element simulations were used to
evaluate lateral pressure coefficients, elasticity modulus,
and Poisson's ratio. They calculated these characteristics
for Teflon and flexible graphite packings.

Kazeminia et al. """ presented several analytical mod-
els to evaluate the stresses in the stuffing-box components.
They presented a contact stress modeling study based on
two configurations. The first configuration consists to in-
troduce a variable gap between the packing and the hous-
ing in order to create a uniform axial stress distribution.
The second configuration consists of inserting one ring of
the gasket at a time and using the loading and unloading
process to create plastic deformation and residual stresses.
They also developed an analytical model based on the
combination of ring theory, thin cylinder theory, and beam
on elastic foundation theory. The results of the analysis
approaches were compared with finite element analysis
and experimental tests results.

The temperature influence has not been introduced to
date in analytical models. Only a few experimental works
have dealt with this influence on stuffing-box packings.
Veiga et al. " and Girao et al. "* presented experimental
studies; they evaluated the packings expansion under dif-
ferent temperatures and their influence on stresses. These
tests show that the packing expansion, due to temperature
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variation, increases the applied compressive gland load.
The results indicate also that if the volumetric content of
packing material is higher, the gland stress increases and
the leakage control becomes more difficult.

The purpose of this work is to evaluate the effect of
the confined fluid temperature on the distribution of axial
stresses, contact pressures, using 2D finite element model
of the packed stuffing box. The variation of the lateral
contact pressure coefficients is also examined.

2. Finite Element Analysis

The study and the modeling of the mechanical assemblies
are carried out either by the exploitation of analytical
models developed after an accumulated expertise over a
long period or by numerical modeling ensured with the
help of commercial software more or less sophisticated.
A third way is an experimentation either by creating a test
bench or by monitoring the actual equipment in the oper-
ating sites. In packed stuffing-box case, the study of the
temperature effect on mechanical behaviour and leakage
is not yet taken into account in the analytical models de-
veloped to date. Therefore, a first attempt, using numerical
analysis, will certainly allow ground preparation for future
analytical studies to consider the temperature effect. In
this work, a finite element model, using Ansys software 0s)
is proposed to evaluate the behaviour of the stuffing box
packing assembly subjected to combined loads: clamping
force applied by the gland and thermal conditions repre-
senting the operating environment.

2.1 Finite Element Model

The stuffing-box with hyperelastic packings is composed
of four elements: the stem, the packings, the housing and
the gland. All components have a cylindrical symmetry.
This nature of symmetry, as well as the symmetry of the
mechanical load and the boundary conditions reflecting
the temperature distribution, allowed working with a sim-
ple axisymmetric model in 2D. This axisymmetric model
is used to study the combined effect of the fluid tempera-
ture and the compression load on the axial distribution of
the contact pressure and the lateral pressure coefficients,
at the stem-packing and the packing-housing interfaces.

Figure 1 shows this model with the obtained mesh.
A2D element with eight nodes, PLANE223, with four de-
grees of freedom per node (three displacements and tem-
perature), is chosen for this study. The assembly compo-
nents are in the radial direction contact. Contact elements
are used to simulate the reaction of the stuffing-box ele-
ments when they are in contact. The elements CONTA172
and TARGE169 are used.

2.2 Materials Characteristics

The mechanical properties of the Stuffing-box compo-
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nents affect the resulting stresses and displacements. In
this study, the stem and the housing are made of ordinary
steel and the braided packing is made of Polytetrafluoro-
ethylene (PTFE). Table 1 shows the mechanical and geo-
metrical properties of the assembly components.

Table 1. Stuffing-box components material properties

Stem Packing | Housing
Inner radii (mm) - 14.29 23.89
Outer radii (mm) 14.29 23.89 33.75
Young Modulus (GPa) 200 0.126 200
Poison's coefficient 0.3 0.4 0.3
Coef. of thermal Exp. K' | 11.6E-6 126E-6 11.6E-6

2.3 Boundary Conditions

The boundary conditions must represent the real operating
conditions. Effectively, the upper surface of the packing
is subjected to uniform axial compression load represent-
ing the clamping load applied by the gland. The lower
surfaces of the housing and the stem are at a uniform high
temperature transferred from the confined fluid. The other
outer surfaces are at room temperature. The radial and ax-
ial displacements are blocked at the bottom of the assem-
bly.

The radial contact pressures, the axial stresses and the
lateral pressure coefficients under different temperature
configurations and tightening load, are examined.

3. Results and Discussions

The results of previous studies show that the mechanical
and geometrical characteristics of the packed stuffing-box
components, as well as the loading conditions, have an in-
fluence on the values of the stresses and deformations. To
evaluate the effect of the fluid temperature, as a new pa-
rameter, on the distribution of stresses and the coefficients
characterizing the materials and geometrical proprieties
of the assembly components, the axisymmetric model
presented in the previous paragraph is implemented. For
many axial tightening loads, different values of the fluid
temperature have been adopted. The chosen values reflect
the actual operating temperature range of the stuffing-box
packings.

Figure 2 shows the temperature distribution in the
stuffing-box assembly when the fluid temperature is about
250 °C. At the bottom of the housing, the temperature is
imposed; it corresponds to the fluid one. The other walls
of the system are at room temperature.

More detailed temperature distributions at the inner
and outer interfaces of the packing are presented in Fig-
ure 3, for three different fluid temperatures. The thermal
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boundary conditions applied to the assembly causes a
non-uniform temperature distribution in the two packing
interfaces. At the same axial position, the difference in
temperature between the two interfaces is greater when
the fluid temperature is higher. This difference increases
when the axial position is closer to the lower packing sur-
face.

ANSYS
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Figure 2. Distribution of temperature in
stuffing-box packing
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Figure 3. Distribution of the temperature in the inner and
outer interfaces of the packing

The stuffing box packing ensures the sealing by avoid-
ing the fluid exit towards the external environment. This
role is guaranteed by the generation of contact pressures
at the stem-packing and packing-housing interfaces.
The studies performed at room temperature show that
the contact pressures distribution is exponential '"; this
is confirmed in figure 4. Actually, when the temperature
imposed everywhere is 25°C, the stresses qi and qo are
equals and their values increase when the tightening load
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increases or when the axial position approaches the pack-
ing upper surface.
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Figure 4. Distribution of radial contact stresses at T=25°C

When the fluid temperature is greater than the ambient
temperature, the shape of the stress curves moves away
from the exponential form. Indeed, in Figure 5 where the
fluid temperature is 250°C, the contact pressures have
the same value at the bottom packing surface while the
clamping force is different.
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Figure 5. Distribution of radial contact stresses at
T=250°C

To evaluate the influence of the fluid temperature on
the contact pressures, Figure 6 shows the distribution of
these stresses for different values of the fluid temperature.
The packing upper surface is at the same pressure since
it is the same clamping force for all presented cases. The
curves corresponding to the different temperatures diverge
from an axial position, which depends on the value of the
clamping load.

Figure 7. shows the axial stresses distribution at medi-
um diameter of the packing for different temperatures and
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gland stress values. The same remarks and conclusions
made during the analysis of the other stresses remain valid
for these axial stresses.
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Figure 6. Distribution of radial contact stresses for cD=
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Figure 7. Distribution of Axial stresses at the medium di-
ameter of the packing for different temperatures and gland
stress values

The stresses expressed in equation (1) are defined by
the B coefficient of the exponential form, the clamping
load, op, and the coefficients of lateral pressure, Ki and
Ko. The main remark announced during the interpretation
of the different curves and the question if the exponential
form of the stresses distributions is verified or not. To
answer this question, the value of the B coefficient is cal-
culated for all the cases studied and the correspondence
rate between the EF curves and the exponential form is
by specified. Figure 8 gives the variation of 3 as a func-
tion of the fluid temperature for different clamping loads.
Figure 9 shows the compatibility ratio between EF data
and equation (1). At room temperature, the  coefficient
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has the same value for all clamping loads, which confirms
the independence of the lateral pressure coefficients of the
clamping load at ambient temperature. However, when the
fluid temperature is taken into consideration, the value of
B changes as a function of temperature and clamping load.
In fact, the value of B decreases as the temperature in-
creases or the clamping load decreases. On the other hand,
the correspondence rate of the EF curves and equation 1
decreases as the temperature increases or when the clamp-
ing load is low. Thus, the exponential shape of the axial
distribution of the axial and radial stresses is affected by
the fluid temperature consideration. Therefore, it is clear
that the lateral pressure coefficients depend on the fluid
temperature value and the clamping load.
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Figure 8. Variation of coefficient § as function of the fluid
temperature and different gland stress
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Figure 9. Compatibility ratio between EF data and equa-
tion (1) as function of the fluid temperature and different
gland stress

Figures 10 and 11. show the lateral pressure coeffi-
cients at the stem-packing interface, Ki, and at the pack-
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ing-housing interface, Ko, respectively. In an ambient
temperature, the shape of the curves is close to the curve
theoretically calculated by Diany and Bouzid . When the
temperature increases, the value of Ki does not vary sig-
nificantly and remains around 0.7. On the other hand, Ko
changes enormously and even exceeds the unit, which is
supposed to be the theoretical maximum value. This last
remark obliges us to reconsider the definition of the lateral
pressure coefficients to take into account the temperature
effect.
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Figure 10. Lateral pressure coefficient Ki
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4. Conclusion

The finite element model of the gland assembly under
the combined effect of temperature and tightening load is
presented. The results of this elaborated numerical model
show that:

The variation of the temperature of the confined fluid
influences the contact pressures and the axial stresses dis-
tributions. Indeed, for the ambient temperature, the stress-
es shapes respect the equation (1), and when the tempera-
ture increases, the curves move away from the exponential
form expected in theoretical studies.
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The definition of the lateral pressure coefficients should
be reconsidered to take into account the temperature ef-
fect.

The tightening load must be adjusted when the fluid
temperature increases in order to ensure leak tightness and
the efficiency of the system.

All these finite element analysis conclusions must be
compared and validated with analytical and experimental
studies.

Nomenclature:

o, : Axial stress distribution in the packing, (MPa)

o). Gland axial stress (MPa)

X: Axial position (MPa)

k; k, Lateral pressure coefficient between pack-
ing-stem and between packing-housing respectively

W; K, . Friction coefficient between packing-stem and
between packing-housing respectively

4. 9. Radial contact stress at the packing-stem interface
and at the packing-housing interface respectively (MPa)

d D The inner and outer packing radii (mm)

ui, po : The Friction coefficient between packing-stem
and between packing-housing respectively.

T : Celsius temperature scale
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