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Preface

Sealing is an innovative, engineering, challenging, beneficial, and environmentally friendly solution that
concerns many experts in various industries, especially those involving rotating equipment, particularly
centrifugal pumps. This collection has been compiled to provide comprehensive and useful information to
meet the needs and raise awareness among enthusiasts, students, and professionals active in different
technical fields related to this industry.

The collection is organized into four sections: pumps, mechanical seals, Sealing of special and critical
fluids and Supply systems. The author's effort has been to present comprehensive, practical, and useful
points in a very simple and clear manner through practical diagrams and tables, considering existing
standards in the field of sealing solutions, in both Persian and English.

The author, compiler, and translator of the book, Ali Abbaspour, holds a Master's degree in Mechanical
Engineering. He is the CEO and head of sealing solutions at Sealban Company. He has over 15 years of
experience in the design and manufacture of mechanical seals for centrifugal pumps and Mechanical Seal
Piping Plans. Additionally, he has founded and established several sealing companies that are still active in
this industry.
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Introduction

Today, rotating equipment, especially pumps, play a crucial role in various industries, including oil and
gas refineries, petrochemical industries, pipelines, pressure boosting stations, power plants, and water and
wastewater industries, among others. Ensuring the proper functioning of pump sealing systems can
significantly reduce environmental pollution, prevent excessive energy loss, minimize risks to life and
property, and save costs by reducing leaks of expensive fluids. In this collection, practical and useful insights
regarding mechanical seals, technical specifications, and the proper functioning of various protective plans
introduced by the API 682 standard are presented in simple language.

History of the API 682 Standard

The API 682 standard is the most important technical reference regarding standards and requirements in
the sealing systems of various centrifugal pumps. Because these pumps can be used in a variety of
industries such as refineries, petrochemical plants, pipelines, power plants, and more, familiarity with its
requirements and regulations is recommended for anyone involved with these industries, especially pump
manufacturers and users of such pumps.

As sealing technology advanced, the standard, which serves as a reference for selecting suitable
mechanical seals, the type of materials used in sealing systems, and introducing various sealing plans,
expanded. As a result, with each new edition of the standard, new models and designs of mechanical seals
or supply systems by sealing system manufacturers are introduced.

In the late 1980s, a group of refinery managers and equipment engineers began comparing various sealing
methods under different operating conditions. Led by Mr. W. Reid of Chevron, this group presented a
general plan to the American Petroleum Institute (API), which agreed to create a standard for sealing
systems.

A special task force was formed in 1990 with the goal of creating this new standard, and the first meeting
was held in January 1991. This task force included fourteen members from various refineries, pump
manufacturers, and sealing system manufacturers. As part of the process of creating this standard, the task
force provided definitions for the overall framework of the standard, including types of seals, seal
configurations, and initial seal qualification testing requirements.

The first edition of API 682, published in October 1994, was one of the most successful APl standards, sold
in over 25 countries. Although this standard was widely used worldwide after its publication, the special
task force had not yet developed it as an international standard.

To obtain international approval, the American Petroleum Institute extended the standard development
process to the International Organization for Standardization (ISO).
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In the second edition, in addition to reviewing the concepts in the previous edition, some of the following
topics were added to APl 682:
- Various classifications of seals
- Backup seals in the second and third configurations
- Gas seals
- Back-to-back and face-to-face configurations
- Definition of plans required for mechanical seal operation

In addition to the above, the scope of this standard was extended to the petrochemical industry. In 2002,
the second edition of APl 682 was approved by the International Organization for Standardization as I1SO-
21049 with minor changes. To achieve greater alighnment between APl 682 and I1SO 21049, the third edition
of APl 682 was issued in 2004.

Although the third edition of APl 682 and ISO 21049 was published in 2004, it was essentially the same as
the second edition released in 2002. Therefore, in 2006, a special task force was reassembled to work on
the fourth edition.

The first task of this group was to respond to comments and criticisms regarding the previous editions. The
group also recognized the need for major changes, such as reorganization and adjustments to some
concepts in the new edition.

Pumps sealing and The Purpose of Implementing a Plan
on the Pump Sealing System

This study addresses the challenges of sealing centrifugal pumps. However, due to the interrelated
nature of the content, having basic and minimal information about centrifugal pumps is essential.
Therefore, the material in this collection has been compiled into three chapters, including: an introduction
to mechanical pumps, mechanical seals, and protective systems for mechanical seals (Mechanical Seal
Piping Plans), based on the APl 682 4th edition standard. Efforts have been made to present some
information in practical tables and figures to create a more specialized and applicable space for the readers
of this book, particularly technical experts and specialists in the field.

To achieve the sealing objective, all components of the system must be selected and designed according
to various working conditions, ensuring they are appropriate and reliable. This includes selecting the pump,
which must be suitable for the fluid being pumped, as well as choosing the mechanical seal, which is
designed based on the fluid conditions (temperature, pressure, type and phase of the fluid, concentration,
and cleanliness of the fluid, etc.). Finally, the protective sealing system (supply system) is selected based on
the type of seal, the conditions of the pumped fluid, and the environmental, regional, and weather
conditions. Therefore, with proper selection and compatibility of all these elements, a reliable sealing
system with high reliability can be achieved.

A very important factor in achieving effective and acceptable performance in sealing centrifugal
(centrifugal force) pumps is creating the right environmental conditions around the mechanical seal. For
this purpose, the APl 682 standard classifies several unique sealing plans. These plans can be used
individually or in combination with two or more plans depending on the different conditions of the pumps.
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Selecting the correct plan and the type of control equipment used in that plan contributes to the better
performance of the sealing system. It is obvious that choosing the wrong sealing plan can lead to damage
to the sealing equipment and pump leakage. Therefore, selecting the correct and suitable plans requires a
high level of knowledge and a proper understanding of the principles of mechanical seal design, a thorough
understanding of the APl 682 standard, and consideration of the type of pumped fluid and different
working conditions in various pumps.

As mentioned above, the purpose of establishing various plans in a sealing system is to create
appropriate working conditions in the mechanical seal. Below are some of the tasks performed by the
plans:

- Lubrication of the sealing surfaces

- Removing heat generated between the sealing surfaces
- Controlling the performance of the mechanical seal

- Compensating for lost leakage

- Preventing leakage into the surrounding environment

- Collecting potential pump fluid leakage

- Ensuring the safety of personnel and the environment
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Pumps:

One of the first motorized machines invented at the dawn of the industrial age was an early and primitive
type of pump. Since then, pumps have been used in various types with different applications across
industries. This section provides a brief overview of the general types of pumps used in processing plants.
Understanding the functionality of pumps and their applications in today's plants and process systems is
essential.

Definition of a Pump:

A pump is a machine or mechanical device used to raise a liquid from a lower level to a higher level, or in
other words, to flow liquid from a low-pressure area to a high-pressure area, and also serves as a booster in
a piping network system. Essentially, a pump converts the mechanical energy of a motor into the flow
energy of a fluid.

Pumps are used in process operations that require high hydraulic pressure, which can be observed in
heavy equipment. Most heavy equipment requires high discharge pressure and low suction pressure. Due
to the low pressure on the suction side of the pump, fluid is lifted from a certain depth, while the high
pressure on the discharge side of the pump drives the fluid upward to the desired height.

Pumps are essentially mechanisms (usually reciprocating or rotary) that consume energy to move fluid
mechanically. The energy input sources for pumps can be manual, electrical, or wind power, and they come
in various sizes, ranging from microscopic for medical applications to large industrial pumps.

Mechanical Pumps:

Mechanical pumps are used in a wide range of applications, such as pumping water from wells, filtering
aquariumes, filtering and aerating ponds, in the automotive industry for cooling water and fuel injection, in
the oil, gas, and petrochemical industries for pumping oil and natural gas or for cooling operations, in
towers and other components of heating, ventilation, and air conditioning (HVAC) systems.

In this discussion, we intend to provide an overview of the two main types of pumps and some of the
common pumps in use today (as presented in the diagrams and tables below as a practical guide).
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Sealing Solutions

Centrifugal Pumps:

Centrifugal pumps are the most common type of pump. In a centrifugal pump, fluids are transferred
using rotational energy typically generated by an engine or an electric motor. These pumps are
manufactured and used in various shapes and types, which are categorized in a practical guide table on
pump classification provided below.

A centrifugal pump is a mechanical device designed to move fluid by transferring rotational energy
from one or more driven rotors, called impellers. In this process, the fluid enters an impeller that is
rapidly rotating along its axis and is thrown outward by centrifugal force along its periphery through the
impeller blade edges.

Centrifugal pumps are commonly used for pumping water, solvents, organic substances, oils, acids,
and bases in industrial, agricultural, and domestic applications. In fact, the design of the centrifugal
pump offers simple, low-cost, and suitable solutions for almost any application involving low-viscosity
liquids.
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Sealing Solutions

Components and function of Centrifugal Pumps:

A pump consists of several components such as an induction motor that is mounted at the
back, a shaft that is connected from the motor to the pump, and an impeller that is mounted to
the shaft. The impeller is placed inside a completely sealed casing. The casing has a volute that
is present on the periphery of the casing. The part through which water enters the pump is
known as suction line and the part through which water goes out is known as discharge line.

Centrifugal pumps are machines that operate hydraulically and are characterized by their
ability to transfer energy to fluids (especially liquids) through the force of the centrifugal field.
Their primary purpose is to transfer fluids by increasing pressure.

Centrifugal pumps have different structures, but their operating principle and the fluid's
dynamic characteristics are always the same. This type of pump contains an impeller, which is
illustrated in Figure 3-1. The impeller consists of a series of blades, preferably with a radial
design, that transfers kinetic energy to the pumped fluid.



