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Abstract

This study has investigated the parameters influencing packing-type seals and their
design for effective sealing of rotating shafts in mechanical systems. Seals serve as
critical components in preventing fluid leakage and ingress of foreign particles, playing
a key role in enhancing equipment reliability. The selection of packing materials and
structures is influenced by operational parameters such as pressure, temperature,
rotational speed, and fluid type (corrosive, abrasive, or neutral). In this research,
various packing types, including braided packings, aramid fiber packings, and lantern
ring-equipped packings, are analyzed. The use of advanced materials such as graphite,
polytetrafluoroethylene (PTFE), and synthetic fibers, known for their high resistance
to wear, corrosion, and elevated temperatures, is highlighted as an effective solution in
demanding industries such as oil, gas, and petrochemicals. This study presents the
relationship between gland pressure as a function of sealing length and the number of
sealing rings. The results indicate that modern designs, such as spring-loaded packings
and lantern ring-integrated systems, improve sealing performance under harsh
conditions by applying controlled initial pressure and lubricant injection. Additionally,
composite packings with uniform stress distribution reduce shaft friction and wear.
However, challenges such as the need for optimization in high-pressure fluctuation
environments and limitations in the industrial application of novel materials remain.
This research proposes that future studies focus on developing smart materials,
geometric optimization, and incorporating graphene.
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1- Introduction

Seals are mechanical devices used to prevent fluid
leakage from their enclosing systems. Sometimes,
the term "leak preventer" is used instead of "seal."
These devices, in addition to preventing the escape
of materials, also prevent the ingress of foreign
particles into tanks or closed piping systems.
Optimal seals are designed to achieve minimal
leakage along with the least amount of friction and
wear [1]. Considering the advancement of the
mechanical industry in the field of seals and their
applications, research and development in the

application of new seals in various industries has
brought changes.  These
advancements have been an effective factor in

about  extensive
enhancing the quality level of leakage prevention
for rotating shafts of motors and pumps, as well as
improving the performance of reciprocating pistons.
An example of such progress in these industries is
the use of smart materials in seals. Hydrogels are an
example of these materials. Hydrogels, as three-
and water

dimensional networks

absorbents,

polymer
have wide applications in various
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industries. These materials in industrial mechanics
can be used as smart seals. Unique characteristics
such as biocompatibility, responsiveness to stimuli,
and low cost have made hydrogels a key material in
modern technologies [2-3]. Morshedzadeh and
Sheikhi have focused on the application of
hydrogels as seals [4]. Based on their investigation,
smart hydrogels, due to their ability to absorb and
retain water, responsiveness to environmental
stimuli such as temperature, pH, or mechanical
stress, and self-repairing property, are considered a
novel option for sealing in various industries. In
industry, these materials can be used as advanced
sealants in hydraulic infrastructures, tunnels,
concrete structures, and water and oil transmission
lines. The use of smart hydrogels leads to reduced
water consumption, increased structural durability,
and decreased maintenance and repair costs.

Mechanical seals are an example of widely used
seals in industries. Mechanical seals are critical
components in various industries, whose primary
function is to prevent fluid leakage in rotating
equipment such as pumps, mixers, and turbines.
These seals consist of a primary rotating ring and a
secondary stationary ring that reduce friction and
wear by creating a thin layer of lubricant between
the contact surfaces. Their operation is based on the
balance of hydrodynamic and hydrostatic forces,
which are influenced by factors such as rotational
speed, fluid pressure, and surface roughness. The
proper performance of seals has been investigated
through analytical methods, numerical simulation,
and laboratory testing to ensure that the seal
possesses a long service life, low leakage, and
corrosion resistance [5-6].

Given the importance of reducing costs in seal
production, packings, as one type of dynamic
contact seal, hold a special place in the industry. In
this research, the performance of contact seals of the
packing type has been investigated. Based on the
investigation conducted by the authors, the
important criteria in packing seal design have not
yet been comprehensively and practically
examined. This paper attempts to present design
criteria operationally. The internal structure of these
seals, implementing design changes in components,

using advanced materials in packing strips, and
employing the structure of non-contact seals in
packings are among the factors that contribute to the
optimization of these devices. These improvements
lead to increased efficiency, reduced leakage, and
significantly lower costs compared to non-contact
seals.

2- Operating Method of Pressure Packing
Seal

In sealing systems based on packing, as observed in
Figure 1, an arrangement of several layers is used,
in most cases four to five packing layers compacted
in the dedicated space allocated for sealing [7].

Figure 1: Cutaway sections of 5-layer packing contact seal [7]

In packing sealing systems, lubricant-impregnated
packings are used to increase density and control
operating temperature. These materials are
activated under the influence of two main factors:
mechanical compression resulting from force
application by the packing gland, and heating
generated by dynamic friction during shaft rotation.
The significant point in the design and operation of
packing sealing is the continuous monitoring of
operational parameters, including operating
temperature, leakage rate, and lubricant distribution
quality; by observing these principles and precise
control of effective parameters, optimal
performance of packing sealing systems can be

achieved.

2-1- Contact Pressure in Packing Seal

Figure 2 shows the compressive forces on the seal
when the packing gland is tightened. When the
gland bolts are uniformly tightened, the packing seal
becomes fully compressed. The degree of this
compression varies due to the frictional force
between the shaft and the wall along the axis. The
compression is lower at the point farthest from the
gland, which can be modeled by assuming identical
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packing materials and a lateral stress ratio K
independent of the compression amount.
Considering that the axial stress P, in the seal at a
distance X from the gland depends on the
assumption that the lateral stress ratio K is
independent of the compression amount, the radial
contact stress P is calculated from Equation (1).

P=K.P, )

When the gland is tightened, an element of the
packing seal is displaced by dx along the axis, and
the differential axial stress dp across this element is
uniform [8].
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Figure 2: Contact pressure after tightening the gland packing [8]

2-2- Percentage of Pressure Applied to Packing
Rings

If in the packing seal, the friction coefficient is

assumed to be 0.15, the lateral stress ratio is equal

to 0.4, and the packing geometry is a 1x1 cm square,

then using Equation 2, the percentage of pressure

applied to the first packing ring can be calculated.

P=K.p e rkx/t Q)

As observed, in the first packing ring, the radial
contact pressure is equal to 37.7% of the gland
pressure. This value decreases to 35.5% of the gland
pressure in the second packing ring. Figure 3 shows
the percentage of pressure applied to different
packings with varying stiffness coefficients and a
constant friction coefficient of 0.15 [9].

Percentage of gland pressure

Number of rings

Figure 3: Percentage of applied pressure on different packings
with varying lateral stress ratios and a constant friction coefficient
of 0.15 [9]

In the graph of Figure 3, the vertical axis shows the
percentage of gland pressure, and the horizontal axis
shows the number of packing rings, where ring
number 1 is the ring closest to the gland. Two
important points can be deduced from this graph.
The first point is that as the lateral stress ratio
increases, the percentage of gland pressure on
packing rings near the gland increases, and shaft
wear also increases. Additionally, the pressure
percentage on rings farther from the gland
decreases, which indicates that wear on the shaft
near the gland is greater.

3- Selection of packing type based on
operational conditions

Packings are produced in various types and from
different materials. The most common type is
packings made of interwoven fibers, manufactured
in square shapes using specialized braiding
machines. These packings may use a single fiber
type or combine multiple fibers, such as graphite-
polytetrafluoroethylene (PTFE) fibers to reduce
friction and increase flexibility, and aramid fibers to
enhance strength and resistance to wear and even
impact forces [10]. Compressed packings are
typically made from additive-free plastics with low
flexibility, generally used in simple installations
like cold-water valves. Before braiding, fibers are
lubricated with various lubricants depending on the
packing's application (e.g., food or water use).
Another type is graphite packings, produced by
winding graphite layers in molds and compressing
them. Standard packings usually have a square
cross-section. Some packings feature a silicone
elastomer core, which increases the seal's resistance
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to vibrations and improves sealing performance

[11].

4- Seal housing design criteria

Figure 4 presents several criteria required for the
design and installation of packing seals, including
tolerance values and geometric constraints of the
system. For example, to achieve low leakage under
vacuum, radial shaft movement must be less than
two percent of the dimension xs. Parameter ss
denotes the packing width, as indicated in Figure 4.
X is the permissible coefficient, its value dependent
on shaft diameter and determined by Equation (3)
[12].
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Figure 4: Tolerancing and geometric constraints related to the
seal [12]

5- Conclusion

This research, through a systematic investigation of
key parameters affecting the performance of
packing seals in rotating shafts, demonstrated that
combining advanced materials and optimizing
mechanical design plays a decisive role in
improving the efficiency and durability of these
systems. The use of optimized lantern rings as an
innovative solution enables simultaneous injection
of lubricant and coolant in high-pressure
environments, significantly enhancing sealing
performance under challenging operational
conditions. Additionally, composite packings with
uniform stress distribution and reduced friction not
only limit fluid leakage but also extend the service
life of shafts and related equipment. For future
research, the development of smart materials with
self-healing capabilities or embedded sensors for
real-time seal condition monitoring, geometric

optimization of packings with unconventional
shapes, performance evaluation of advanced
materials like graphene in specialized working
environments, and cost reduction through replacing
expensive materials with economical alternatives
are proposed. This research, through the
comprehensive analysis of parameters affecting
packing design, introduces the use of optimized
lantern rings as an innovative solution for
simultaneous lubricant and coolant injection in
high-pressure environments, which has been less
explored in previous studies. Furthermore,
proposing a hybrid composite material pattern (such
as graphite-polytetrafluoroethylene with
elastomeric cores) for uniform stress distribution
and reduced shaft wear represents a key distinction
from conventional research. Implementing packings
equipped with self-adjusting springs capable of
applying stable initial pressure without manual
adjustments, as a flexible solution in high-speed
rotary systems, is another innovation of this study.
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