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Pressure vessels are found everywhere -- from basement boilers to gasoline tankers -- and their usefulness is surpassed only by the
hazardous consequences if they are not properly constructed and maintained. This essential reference guides mechanical engineers and
technicians through the maze of the continually updated International Boiler and Pressure Vessel Codes that govern safety, design,
fabrication, and inspection. * 30% new information including coverage of the recent ASME B31.3 code
The fourth edition of Ludwig’s Applied Process Design for Chemical and Petrochemical Plants, Volume Three is a core reference for
chemical, plant, and process engineers and provides an unrivalled reference on methods, process fundamentals, and supporting design data.
New to this edition are expanded chapters on heat transfer plus additional chapters focused on the design of shell and tube heat exchangers,
double pipe heat exchangers and air coolers. Heat tracer requirements for pipelines and heat loss from insulated pipelines are covered in this
new edition, along with batch heating and cooling of process fluids, process integration, and industrial reactors. The book also looks at the
troubleshooting of process equipment and corrosion and metallurgy. Assists engineers in rapidly analyzing problems and finding effective
design methods and mechanical specifications Definitive guide to the selection and design of various equipment types, including heat
exchanger sizing and compressor sizing, with established design codes Batch heating and cooling of process fluids supported by Excel
programs
New materials enable advances in engineering design. This book describes a procedure for material selection in mechanical design, allowing
the most suitable materials for a given application to be identified from the full range of materials and section shapes available. A novel
approach is adopted not found elsewhere. Materials are introduced through their properties; materials selection charts (a new development)
capture the important features of all materials, allowing rapid retrieval of information and application of selection techniques. Merit indices,
combined with charts, allow optimisation of the materials selection process. Sources of material property data are reviewed and approaches
to their use are given. Material processing and its influence on the design are discussed. The book closes with chapters on aesthetics and
industrial design. Case studies are developed as a method of illustrating the procedure and as a way of developing the ideas further.
This book presents the latest developments in the area of non-thermal preservation of foods and covers various topics such as high-pressure
processing, pulsed electric field processing, pulsed light processing, ozone processing, electron beam processing, pulsed magnetic field,
ultrasonics, and plasma processing. Non-thermal Processing of Foods discusses the use of non-thermal processing on commodities such as
fruits and vegetables, cereal products, meat, fish and poultry, and milk and milk products. Features: Provides latest information regarding the
use of non-thermal processing of food products Provides information about most of the non-thermal technologies available for food
processing Covers food products such as fruits and vegetables, cereal products, meat, fish and poultry, and milk and milk products Discusses
the packaging requirements for foods processed with non-thermal techniques The effects of non-thermal processing on vital food
components, enzymes and microorganisms is also discussed. Safety aspects and packaging requirements for non-thermal processed foods
are also presented. Rounding out coverage of this technology are chapters that cover commercialization, regulatory issues and consumer
acceptance of foods processed with non-thermal techniques. The future trends of non-thermal processing are also investigated. Food
scientists and food engineers, food regulatory agencies, food industry personnel and academia (including graduate students) will find
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valuable information in this book. Food product developers and food processors will also benefit from this book.
This text is an established bestseller in engineering technology programs, and the Seventh Edition of Applied Strength of Materials continues
to provide comprehensive coverage of the mechanics of materials. Focusing on active learning and consistently reinforcing key concepts, the
book is designed to aid students in their first course on the strength of materials. Introducing the theoretical background of the subject, with a
strong visual component, the book equips readers with problem-solving techniques. The updated Seventh Edition incorporates new
technologies with a strong pedagogical approach. Emphasizing realistic engineering applications for the analysis and design of structural
members, mechanical devices, and systems, the book includes such topics as torsional deformation, shearing stresses in beams, pressure
vessels, and design properties of materials. A "big picture" overview is included at the beginning of each chapter, and step-by-step problemsolving approaches are used throughout the book. FEATURES Includes "the big picture" introductions that map out chapter coverage and
provide a clear context for readers Contains everyday examples to provide context for students of all levels Offers examples from civil,
mechanical, and other branches of engineering technology Integrates analysis and design approaches for strength of materials, backed up by
real engineering examples Examines the latest tools, techniques, and examples in applied engineering mechanics This book will be of
interest to students in the field of engineering technology and materials engineering as an accessible and understandable introduction to a
complex field.
Engineers need to be familiar with the fundamental principles and concepts in materials and structures in order to be able to design
structurers to resist failures. For 4 decades, this book has provided engineers with these fundamentals. Thoroughly updated, the book has
been expanded to cover everything on materials and structures that engineering students are likely to need. Starting with basic mechanics,
the book goes on to cover modern numerical techniques such as matrix and finite element methods. There is also additional material on
composite materials, thick shells, flat plates and the vibrations of complex structures. Illustrated throughout with worked examples, the book
also provides numerous problems for students to attempt. New edition introducing modern numerical techniques, such as matrix and finite
element methods Covers requirements for an engineering undergraduate course on strength of materials and structures
This entirely new Volume 3 contains chapters on Current Issues of B&PV Codes, including the new ASME Section XII, International Codes &
Standards related to B&PV Codes, and on-going issues of Public Safety. Organized to provide the technical professional with ready access to
practical solutions, this revised, three-volume, 2,100-page second edition brings to life essential ASME Codes with authoritative commentary,
examples, explanatory text, tables, graphics, references, and annotated bibliographic notes. This new edition has been fully updated to the
current 2004 Code, except where specifically noted in the text. Gaining insights from the 78 contributors with professional expertise in the full
range of pressure vessel and piping technologies, you find answers to your questions concerning the twelve sections of the ASME Boiler and
Pressure Vessel Code, as well as the B31.1 and B31.3 Piping Codes. In addition, you find useful examinations of special topics including
rules for accreditation and certification; perspective on cyclic, impact, and dynamic loads; functionality and operability criteria; fluids; pipe
vibration; stress intensification factors, stress indices, and flexibility factors; code design and evaluation for cyclic loading; and bolted-flange
joints and connections.

First edition, 1998 by Martin D. Bernstein and Lloyd W. Yoder.
The Safety Valve Handbook is a professional reference for design, process, instrumentation, plant and maintenance
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engineers who work with fluid flow and transportation systems in the process industries, which covers the chemical, oil
and gas, water, paper and pulp, food and bio products and energy sectors. It meets the need of engineers who have
responsibilities for specifying, installing, inspecting or maintaining safety valves and flow control systems. It will also be
an important reference for process safety and loss prevention engineers, environmental engineers, and plant and
process designers who need to understand the operation of safety valves in a wider equipment or plant design context.
No other publication is dedicated to safety valves or to the extensive codes and standards that govern their installation
and use. A single source means users save time in searching for specific information about safety valves The Safety
Valve Handbook contains all of the vital technical and standards information relating to safety valves used in the process
industry for positive pressure applications. Explains technical issues of safety valve operation in detail, including
identification of benefits and pitfalls of current valve technologies Enables informed and creative decision making in the
selection and use of safety valves The Handbook is unique in addressing both US and European codes: - covers all
devices subject to the ASME VIII and European PED (pressure equipment directive) codes; - covers the safety valve
recommendations of the API (American Petroleum Institute); - covers the safety valve recommendations of the European
Normalisation Committees; - covers the latest NACE and ATEX codes; - enables readers to interpret and understand
codes in practice Extensive and detailed illustrations and graphics provide clear guidance and explanation of technical
material, in order to help users of a wide range of experience and background (as those in this field tend to have) to
understand these devices and their applications Covers calculating valves for two-phase flow according to the new
Omega 9 method and highlights the safety difference between this and the traditional method Covers selection and new
testing method for cryogenic applications (LNG) for which there are currently no codes available and which is a booming
industry worldwide Provides full explanation of the principles of different valve types available on the market, providing a
selection guide for safety of the process and economic cost Extensive glossary and terminology to aid readers’ ability to
understand documentation, literature, maintenance and operating manuals Accompanying website provides an online
valve selection and codes guide.
Geometrical tolerancing is used to specify and control the form, location and orientation of the features of components
and manufactured parts. This book presents the state of the art of geometrical tolerancing, covers the latest ISO and
ANSI/ASME standards and is a comprehensive reference and guide for all professional engineers, designers, CAD
users, quality managers and anyone involved in the creation or interpretation of CAD plans or engineering designs and
specifications. * For all design and manufacturing engineers working with these internationally required design standards
* Covers ISO and ANSI geometrical tolerance standards, including the 2005 revisions to the ISO standard * Geometrical
Page 3/10

Acces PDF Pressure Vessel Design Manual 4th Edition
tolerancing is used in the preparation and interpretation of the design for any manufactured component or item: essential
information for designers, engineers and CAD professionals
Basic Optics: Principles and Concepts addresses in great detail the basic principles of the science of optics, and their
related concepts. The book provides a lucid and coherent presentation of an extensive range of concepts from the field of
optics, which is of central relevance to several broad areas of science, including physics, chemistry, and biology. With its
extensive range of discourse, the book’s content arms scientists and students with knowledge of the essential concepts
of classical and modern optics. It can be used as a reference book and also as a supplementary text by students at
college and university levels and will, at the same time, be of considerable use to researchers and teachers. The book is
composed of nine chapters and includes a great deal of material not covered in many of the more well-known textbooks
on the subject. The science of optics has undergone major changes in the last fifty years because of developments in the
areas of the optics of metamaterials, Fourier optics, statistical optics, quantum optics, and nonlinear optics, all of which
find their place in this book, with a clear presentation of their basic principles. Even the more traditional areas of ray
optics and wave optics are elaborated within the framework of electromagnetic theory, at a level more fundamental than
what one finds in many of the currently available textbooks. Thus, the eikonal approximation leading to ray optics, the
Lagrangian and Hamiltonian formulations of ray optics, the quantum theoretic interpretation of interference, the vector
and dyadic diffraction theories, the geometrical theory of diffraction, and similar other topics of basic relevance are
presented in clear terms. The presentation is lucid and elegant, capturing the essential magic and charm of physics. All
this taken together makes the book a unique text, of major contemporary relevance, in the field of optics. Avijit Lahiri is a
well-known researcher, teacher, and author, with publications in several areas of physics, and with a broad range of
current interests, including physics and the philosophy of science. Provides extensive and thoroughly exhaustive
coverage of classical and modern optics Offers a lucid presentation in understandable language, rendering the abstract
and difficult concepts of physics in an easy, accessible way Develops all concepts from elementary levels to advanced
stages Includes a sequential description of all needed mathematical tools Relates fundamental concepts to areas of
current research interest
Provides background information, historical perspective, and expert commentary on the ASME B31.3 Code requirements
for process piping design and construction. It provides the most complete coverage of the Code that is available today
and is packed with additional information useful to those responsible for the design and mechanical integrity of process
piping.
This text explains vessel manufacture and procedures for quality assurance and control, methods for code specification
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compliance, all stages of the manufacturing process, and promotes uniformity of inspection, testing, and documentation.
Analyzing radiographic testing procedures, the book acts as an explanation to the ASME code, features the A to Z of
fabrication methodology, discusses NDT, heat treatment, and pad air and hydrostatic tests, methodology to compile a
Manufacturer's Data Report, typical quality, inspection, and test plans, the requirements of welding procedure
specification, procedure qualification records, and welder qualification tests, and recommended tolerances for vessels.
This guide provides an overview of methods for estimating the characteristics of vapor cloud explosions, flash fires, and
boiling-liquid-expanding-vapor explosions (BLEVEs) for practicing engineers. It has been updated to include advanced
modeling technology, especially with respect to vapor cloud modeling and the use of computational fluid dynamics. The
text also reviews past experimental and theoretical research and methods to estimate consequences. Heavily illustrated
with photos, charts, tables, and diagrams, this manual is an essential tool for safety, insurance, regulatory, and
engineering students and professionals.
Chemical Engineering Design: Principles, Practice and Economics of Plant and Process Design is one of the best-known and most
widely adopted texts available for students of chemical engineering. The text deals with the application of chemical engineering
principles to the design of chemical processes and equipment. The third edition retains its hallmark features of scope, clarity and
practical emphasis, while providing the latest US codes and standards, including API, ASME and ISA design codes and ANSI
standards, as well as coverage of the latest aspects of process design, operations, safety, loss prevention, equipment selection,
and more. The text is designed for chemical and biochemical engineering students (senior undergraduate year, plus appropriate
for capstone design courses where taken), and professionals in industry (chemical process, biochemical, pharmaceutical,
petrochemical sectors). Provides students with a text of unmatched relevance for chemical process and plant design courses and
for the final year capstone design course Written by practicing design engineers with extensive undergraduate teaching
experience Contains more than 100 typical industrial design projects drawn from a diverse range of process industries NEW TO
THIS EDITION Includes new content covering food, pharmaceutical and biological processes and commonly used unit operations
Provides updates on plant and equipment costs, regulations and technical standards Includes limited online access for students to
Cost Engineering’s Cleopatra Enterprise cost estimating software
Still the only book offering comprehensive coverage of the analysis and design of both API equipment and ASME pressure vessels
This edition of the classic guide to the analysis and design of process equipment has been thoroughly updated to reflect current
practices as well as the latest ASME Codes and API standards. In addition to covering the code requirements governing the
design of process equipment, the book supplies structural, mechanical, and chemical engineers with expert guidance to the
analysis and design of storage tanks, pressure vessels, boilers, heat exchangers, and related process equipment and its
associated external and internal components. The use of process equipment, such as storage tanks, pressure vessels, and heat
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exchangers has expanded considerably over the last few decades in both the petroleum and chemical industries. The extremely
high pressures and temperatures involved with the processes for which the equipment is designed makes it potentially very
dangerous to property and life if the equipment is not designed and manufactured to an exacting standard. Accordingly, codes and
standards such as the ASME and API were written to assure safety. Still the only guide covering the design of both API equipment
and ASME pressure vessels, Structural Analysis and Design of Process Equipment, 3rd Edition: Covers the design of rectangular
vessels with various side thicknesses and updated equations for the design of heat exchangers Now includes numerical vibration
analysis needed for earthquake evaluation Relates the requirements of the ASME codes to international standards Describes, in
detail, the background and assumptions made in deriving many design equations underpinning the ASME and API standards
Includes methods for designing components that are not covered in either the API or ASME, including ring girders, leg supports,
and internal components Contains procedures for calculating thermal stresses and discontinuity analysis of various components
Structural Analysis and Design of Process Equipment, 3rd Edition is an indispensable tool-of-the-trade for mechanical engineers
and chemical engineers working in the petroleum and chemical industries, manufacturing, as well as plant engineers in need of a
reference for process equipment in power plants, petrochemical facilities, and nuclear facilities.
Pressure Vessel Design ManualButterworth-Heinemann
Pressure vessels are closed containers designed to hold gases or liquids at a pressure substantially different from the ambient
pressure. They have a variety of applications in industry, including in oil refineries, nuclear reactors, vehicle airbrake reservoirs,
and more. The pressure differential with such vessels is dangerous, and due to the risk of accident and fatality around their use,
the design, manufacture, operation and inspection of pressure vessels is regulated by engineering authorities and guided by legal
codes and standards. Pressure Vessel Design Manual is a solutions-focused guide to the many problems and technical
challenges involved in the design of pressure vessels to match stringent standards and codes. It brings together otherwise
scattered information and explanations into one easy-to-use resource to minimize research and take readers from problem to
solution in the most direct manner possible. Covers almost all problems that a working pressure vessel designer can expect to
face, with 50+ step-by-step design procedures including a wealth of equations, explanations and data Internationally recognized,
widely referenced and trusted, with 20+ years of use in over 30 countries making it an accepted industry standard guide Now
revised with up-to-date ASME, ASCE and API regulatory code information, and dual unit coverage for increased ease of
international use
Chemical Engineering Design is one of the best-known and widely adopted texts available for students of chemical engineering. It
deals with the application of chemical engineering principles to the design of chemical processes and equipment. Revised
throughout, the fourth edition covers the latest aspects of process design, operations, safety, loss prevention and equipment
selection, among others. Comprehensive and detailed, the book is supported by problems and selected solutions. In addition the
book is widely used by professionals as a day-to-day reference. Best selling chemical engineering text Revised to keep pace with
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the latest chemical industry changes; designed to see students through from undergraduate study to professional practice End of
chapter exercises and solutions
APPLIED STRENGTH OF MATERIALS 6/e, SI Units Version provides coverage of basic strength of materials for students in
Engineering Technology (4-yr and 2-yr) and uses only SI units. Emphasizing applications, problem solving, design of structural
members, mechanical devices and systems, the book has been updated to include coverage of the latest tools, trends, and
techniques. Color graphics support visual learning, and illustrate concepts and applications. Numerous instructor resources are
offered, including a Solutions Manual, PowerPoint slides, Figure Slides of book figures, and extra problems. With SI units used
exclusively, this text is ideal for all Technology programs outside the USA.
The ultimate resource for designers, engineers, and analyst working with calculations of loads and stress.

This book guides the reader through general and fundamental problems of pressure vessel design. The basic approach
is rigorously scientific with a complete theoretical development of the topics treated. The concrete and precise calculation
criteria provided can be immediately applied to actual designs. The book also comprises unique contributions on
important topics like Deformed Cylinders, Flat Heads, or Flanges.
With very few books adequately addressing ASME Boiler & Pressure Vessel Code, and other international code issues,
Pressure Vessels: Design and Practice provides a comprehensive, in-depth guide on everything engineers need to know.
With emphasis on the requirements of the ASME this consummate work examines the design of pressure vessel com
Occupational Safety and Health Simplified for the Industrial Workplace serves industrial businesses, workplaces, and
managers who want quick answers to complicated questions. It is an essential reference for everyone involved with the
safety and health of workers in the industrial workplace.
Product Dimensions: 9.7 x 6.6 x 2.1 inches The Handbook has been composed on the basis of processing,
systematization, and classification of the results of a great number of investigations published at different time. The
essential part of the book is the outcome of investigations carried out by the author.The present edition of this Handbook
should assist in increasing the quality and efficiency of the design and usage of indutrial power engineering and other
constructions and also of the devices and apparatus through which liquids and gases move.
This is a fully revised and updated fourth edition of a classic guidebook. It covers the current requirements of the ASME
Section VIII-1 as well as the requirements of the newly published VIII-2 .Whether you are a beginning design engineer or
an experienced engineering manager developing a mechanical integrity program, this updated volume gives you a
thorough examination and review of the requirements applicable to the design, material requirements, fabrication details,
inspection requirements effecting joint efficiencies, and testing of pressure vessels and their components. Guidebook for
Page 7/10

Acces PDF Pressure Vessel Design Manual 4th Edition
Design of ASME Section VIII Pressure Vessels provides you with a review of the background issues, reference materials,
technology, and techniques necessary for the safe, reliable, cost-efficient function of pressure vessels in the
petrochemical, paper, power, and other industries. Solved examples throughout the volume illustrate the application of
various equations given in both Sections VIII-1 and VIII-2.
Part I: Process design -- Introduction to design -- Process flowsheet development -- Utilities and energy efficient design -Process simulation -- Instrumentation and process control -- Materials of construction -- Capital cost estimating -Estimating revenues and production costs -- Economic evaluation of projects -- Safety and loss prevention -- General site
considerations -- Optimization in design -- Part II: Plant design -- Equipment selection, specification and design -- Design
of pressure vessels -- Design of reactors and mixers -- Separation of fluids -- Separation columns (distillation, absorption
and extraction) -- Specification and design of solids-handling equipment -- Heat transfer equipment -- Transport and
storage of fluids.
A practical handbook, this second edition of a successful guide will prove itself valuable on a daily basis with its reliable
and up to date facts and figures. The intent is to increase the reader's design efficiency with numerous design shortcuts,
derivations of established design procedures, and new design techniques. Time-saving formulas, calculations, examples,
and solutions to design problems appear throught.
A pressure vessel is a container that holds a liquid, vapor, or gas at a different pressure other than atmospheric pressure
at the same elevation. More specifically in this instance, a pressure vessel is used to 'distill'/'crack' crude material taken
from the ground (petroleum, etc.) and output a finer quality product that will eventually become gas, plastics, etc. This
book is an accumulation of design procedures, methods, techniques, formulations, and data for use in the design of
pressure vessels, their respective parts and equipment. The book has broad applications to chemical, civil and petroleum
engineers, who construct, install or operate process facilities, and would also be an invaluable tool for those who inspect
the manufacturing of pressure vessels or review designs. * ASME standards and guidelines (such as the method for
determining the Minimum Design Metal Temperature)are impenetrable and expensive: avoid both problems with this
expert guide. * Visual aids walk the designer through the multifaceted stages of analysis and design. * Includes the latest
procedures to use as tools in solving design issues.
Can we design an oil tanker that meets our complex demands for environmental protection, economical operation, and
crew safety? This volume evaluates and ranks a wide variety of tank ship hull designs proposed by experts around the
world. Based on extensive research and studies, the book explores the implications of our rising demand for petroleum
and increase in tanker operations; U.S. government regulations and U.S. Coast Guard policies regarding designs for new
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tank vessel construction; how new ship design would affect crew safety, maintenance, inspection, and other technical
issues; the prospects for retrofitting existing tankers to reduce the risk of oil spills; and more. The conclusions and
recommendations will be particularly important to maritime safety regulators in the United States and abroad; naval
architects; ship operators and engineers; and officials in the petroleum, shipping, and marine insurance industries.
Now in dynamic full color, SI ENGINEERING FUNDAMENTALS: AN INTRODUCTION TO ENGINEERING, 5e helps
students develop the strong problem-solving skills and solid foundation in fundamental principles they will need to
become analytical, detail-oriented, and creative engineers. The book opens with an overview of what engineers do, an
inside glimpse of the various areas of specialization, and a straightforward look at what it takes to succeed. It then covers
the basic physical concepts and laws that students will encounter on the job. Professional Profiles throughout the text
highlight the work of practicing engineers from around the globe, tying in the fundamental principles and applying them to
professional engineering. Using a flexible, modular format, the book demonstrates how engineers apply physical and
chemical laws and principles, as well as mathematics, to design, test, and supervise the production of millions of parts,
products, and services that people use every day. Important Notice: Media content referenced within the product
description or the product text may not be available in the ebook version.
This book provides comprehensive coverage of stress and strain analysis of circular cylinders and pressure vessels, one
of the classic topics of machine design theory and methodology. Whereas other books offer only a partial treatment of the
subject and frequently consider stress analysis solely in the elastic field, Circular Cylinders and Pressure Vessels
broadens the design horizons, analyzing theoretically what happens at pressures that stress the material beyond its yield
point and at thermal loads that give rise to creep. The consideration of both traditional and advanced topics ensures that
the book will be of value for a broad spectrum of readers, including students in postgraduate, and doctoral programs and
established researchers and design engineers. The relations provided will serve as a sound basis for the design of
products that are safe, technologically sophisticated, and compliant with standards and codes and for the development of
innovative applications.
A tubular heat exchanger exemplifies many aspects of the challenge in designing a pressure vessel. High or very low
operating pressures and temperatures, combined with sharp temperature gradients, and large differences in the
stiffnesses of adjoining parts, are amongst the legion of conditions that behoove the attention of the heat exchanger
designer. Pitfalls in mechanical design may lead to a variety of operational problems, such as tube-to-tubesheet joint
failure, flanged joint leakage, weld cracks, tube buckling, and flow induced vibration. Internal failures, such as pass
partition bowing or weld rip-out, pass partition gasket rib blow-out, and impingement actuated tube end erosion are no
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less menacing. Designing to avoid such operational perils requires a thorough grounding in several disciplines of
mechanics, and a broad understanding of the inter relationship between the thermal and mechanical performance of heat
exchangers. Yet, while there are a number of excellent books on heat ex changer thermal design, comparable effort in
mechanical design has been non-existent. This apparent void has been filled by an assortment of national codes and
industry standards, notably the "ASME Boiler and Pressure Vessel Code" and the "Standards of Tubular Exchanger
Manufacturers Association. " These documents, in conjunction with scattered publications, form the motley compendia of
the heat exchanger designer's reference source. The subject matter clearly beckons a methodical and comprehensive
treatment. This book is directed towards meeting this need.
Get up to speed with the latest edition of the ASME Boiler & Pressure Code This thoroughly revised, classic engineering
tool streamlines the task of understanding and applying the complex ASME Boiler & Pressure Vessel Code for
fabricating, purchasing, testing, and inspecting pressure vessels. The book explains the value of code standards, shows
how the code applies to each component, and clarifies confusing and obscure requirements. Pressure Vessels: The
ASME Code Simplified, Ninth Edition enables code compliance on any pressure-vessel-related project?both to obtain
certification and to meet performance goals in a cost-effective manner. This new edition has been completely refreshed
to align with all changes to the code, and features updated discussions of pressure vessels, high-pressure vessels,
design, and fabrication. You’ll learn how to comply with ASME standards for: Safety procedures for design and
maintenance Inspection and quality control Welding Nondestructive testing Fabrication and installation Nuclear vessels
and required assurance systems
Fluids -- Heat transfer -- Thermodynamics -- Mechanical seals -- Pumps and compressors -- Drivers -- Gears -- Bearings
-- Piping and pressure vessels -- Tribology -- Vibration -- Materials -- Stress and strain -- Fatigue -- Instrumentation -Engineering economics.
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