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EQUIPMENT DESIGN

LECTURE1
INTRODUCTION TO DESIGN

CHAPTER 1
Introduction to Design

1.1. INTRODUCTION

This chapter is an introduction to the nature and methodology of the design process, and
its application to the design of chemical manufacturing processes.

1.2. NATURE OF DESIGN

This section is a general, somewhat philosophical, discussion of the design process; how a
designer works. The subject of this book is chemical engineering design, but the method-
ology of design described in this section applies equally to other branches of engineering
design.

Design is a creative activity, and as such can be one of the most rewarding and satisfying
activities undertaken by an engineer. It is the synthesis, the putting together, of ideas to
achieve a desired purpose. The design does not exist at the commencement of the project.
The designer starts with a specific objective in mind, a need, and by developing and
evaluating possible designs, arrives at what he considers the best way of achieving that
objective; be it a better chair, a new bridge, or for the chemical engineer, a new chemical
product or a stage in the design of a production process.
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Figure 1.1. Design constraints
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Figure 1.2, The design process
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1.3. THE ANATOMY OF A CHEMICAL MANUFACTURING
PROCESS

The basic components of a typical chemical process are shown in Figure 1.3, in which
each block represents a stage in the overall process for producing a product from the raw
materials. Figure 1.3 represents a generalised process; not all the stages will be needed for
any particular process, and the complexity of each stage will depend on the nature of the
process. Chemical engineering design is concerned with the selection and arrangement
of the stages, and the selection, specification and design of the equipment required to
perform the stage functions.
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Figure 1.3.  Anatomy of a chemical process

1.6. CODES AND STANDARDS

The need for standardisation arose early in the evolution of the modem engineering
industry; Whitworth introduced the first standard screw thread to give a measure of
interchangeability between different manufacturers in 1841. Modem engineering standards
cover a much wider function than the interchange of parts. In engineering practice
they cover:

1. Materials, properties and compositions,

2. Testing procedures for performance, compositions, quality.
3. Preferred sizes; for example, tubes, plates, sections.

4. Design methods, inspection, fabrication.

5. Codes of practice, for plant operation and safety.

The terms STANDARD and CODE are used interchangeably, though CODE should
really be reserved for a code of practice covering say, a recommended design or operating
procedure; and STANDARD for preferred sizes, compositions, ec.




EYARVARAR:

1.6 CODES & STANDARDS

British Standards Institution (BSI)

Ametican National Standards Institute (ANSI)
Ameiican Petroleum Institute (API)

Ametlican Society for Testing Materials (ASTM)
Ametlican Society of Mechanical Engineers (ASME)
pressure,vessels).

Burklin (1979) gives a comprehensive list of the
American codes and standards.

The lhternational Organisation for Standardisation (ISO)
coordinates the publication of international standards.

1.7. FACTORS OF SAFETY (DESIGN FACTORS)

Design is an inexact art; errors and uncertainties will arise from uncertainties in the design
data available and in the approximations necessary in design calculations. To ensure that
the design specification is met, factors are included to give a margin of safety in the
design; safety in the sense that the equipment will not fail to perform satisfactorily, and
that it will operate safely: will not cause a hazard. “Design factor” is a better term to use,
as it does not confuse safety and performance factors.

In mechanical and structural design, the magnitude of the design factors used to allow
for uncertainties in material properties, design methods, fabrication and operating loads
are well established. For example, a factor of around 4 on the tensile strength, or about
2.5 on the 0.1 per cent proof stress, is normally used in general structural design. The
selection of design factors in mechanical engineering design is illustrated in the discussion
of pressure vessel design in Chapter 13.

Design factors are also applied in process design to give some tolerance in the design.
For example, the process stream average flows calculated from material balances are
usually increased by a factor, typically 10 per cent, to give some flexibility in process
operation,




