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CHAPTER 1 Introduction

Fluid thermal systems is a very broad term that refers to many designs

and devices. A pump and pipe combination is an example of a fluid system

in which fluid is being conveyed. An air conditioner is a device in which a
fluid is conveyed, so it is an example of a tluid system. Moreover, because
heat transfer etfects are important in the air conditioner, we can consider it
a fluid thermal system.
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FIGURE 1.1. Sketch of a freight pipeline.
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located outside dwelling

l ,,/ located within ductwork
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nndens&r in the attic of dwelling
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FIGURE 1.2. Sketch of an air conditioning unit.
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British British

Dimension Gravitational SI Engineering Absolute
Mass (M) (derived) slug
Mass (M) (fundamental) kg Ibm Ibm
Force (F) (derived) N poundal
Force (F) (fundamental) Ibf Ibf
Length (L) ft m ft ft
Time (T) - S S S
Temperature (t) "R Kt "R R

°F °C °F °F

e I

"Note that in SI, the degree Kelvin is properly written without the © symbol.



1.1 The Design Process

The design process (ranging from accepting a “job” to producing a final
rEEDrt} involves more than merely finding a solution. So in this section, we

will discuss several aspects associated with obtaining a solution to a design
project. It is prudent to note that in engineering design work, there may be
many possible solutions to a design problem. We will discuss the nature of

engineering design, the bidding process, project management, and
evaluation and assessment of Eerfurman

Nature of Engineering Design ‘AA\“j ?Y‘oCe 53 { T:

The design activity can include looking at drawings, making decisions,
gathering information, attending meetings, considering alternatives, and
much more. Design is not necessarily a single task but an entire process. An
engineer goes through this process to determine how best to use resources to
accomplish a required job. Engineers design systems or devices that could be
of interest to the public, or to satisfy the desires of a single client.

An unfortunate aspect of design is that, in most cases, what the client
wants may be unclear to both the engineer and to the client. Problem
statements are often filled with uncertainty and are poorly articulated. For
this reason a good design engineer will spend considerable time defining the
problem and planning the way it will be solved. Work on a project should
not be delayed until the last minute when failure to meet an unanticipated
requirement leaves no time for correction. Project work requires careful
planning and sound management methods.

,Vﬁ\()n )‘c.a“'f\)“&f:

)y‘)‘ .)_'_;JU,/: w“f.a)b

Y Lal "m,e,)\, ,J\‘).m J,M\,_,,J,; Y

‘a’@J‘M \p;ﬂs,rﬁﬁ\zkjﬂc;gzl : __:"' \ = &

W



Design Phases r’w)‘()'P!/ @

e design process encomp n@bﬂb many phases including: I‘UEL‘!ETI‘HEII'IE a
need¥®1dentifving the proble

, synthesizing a solution, re-designing (if
necessary) for optimizing thew the design, and
ommunicating the results. Figure 1.4 illustrates one (of many) ways that
the steps in a desi gn can be synthesized.

Design begins when a client recognizes a need and begins working on
satisfying that need. The need can be something obvious or merely a sense
that something is “not right.” Recognition of the need may be triggered by
an adverse circumstance.

Recognizing a need and identifying or defining the problem are
different things. We might recognize the need for cleaner air in a building,
and the problem might be an inadequate filtering system. Defining the
problem must include all specifications for the system to be dum;._,nu::L This
includes its dimensions, characteristics, location, costs, expected life,
operating conditions and limitations. Restrictions often encountered include
available manufacturing processes, labor skills, materials to be used, and
sizes in stock.

An optimum solution can be sought once the problem has been defined
and its contraints have been identified. Synthesis of the optimum solution
requires analysis and optimization. The design must comply with the
specifications and if it is not optimum, a re-design is necessary. This part of
the process is iterative in nature and continues until the “best” solution is
found.

Evaluation of the design is a significant aspect of the design process.
Evaluation is proof that the design is successful.
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Codes and Standards

A code is a specification for the analysis, design, or construction of
something that specifies the minimum acceptable level of safety for
constructed objects. For example, each locality has a code for the size of
tubing to use in the plumbing of a house. The purpose of a code is to
guarantee a certain degree of safety, performance, and quality. Absolute
safety is not necessarily assured by a code, but a reasonable level can be met.
There are many established standards and codes, enacted by the
appropriate authority. Each organization deals with a specific area, such
as plumbing, construction, parking lots, and pedestrian walkways. Codes
and standards are sometimes established by manufacturers, and sometimes
by engineers who work in the industry. Establishment of a code or standard
in almost all cases is in response to a perceived need.

A standard is a specification for sizes of parts, types of materials, or
manufacturing processes. The purpose of a standard is to provide the public
or the customer with uniformity in size and quality. A bolt standard, for
example, is 1/4-20. All '/4-20 bolts and nuts have the same thread
specifications or standards. There are standards for clothing sizes, paper
sizes, wire sizes, shoe sizes, can sizes, furniture sizes, newspaper sizes, as
well as bolts and nuts.
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Cost considerations play an important role in the design process.
Unfortunately, costs are sometimes unpredictable. The designer may have
missed a hidden cost. Furthermore, some costs change from year to year
depending on the economy of the nation. Cost must be considered, however,
as thoroughly as possible in the design process.

Using standard sizes is almost a necessity in keeping costs low. A good
example is pipe and tubing, both of which are available in discrete sizes.
Pumps, motors, fasteners, and the like., are all manufactured to certain
standards, and using stock sizes is an excellent idea.

Product Safety

The engineer should make every effort to ensure that the design is safe
and has no defects. An engineer or manufacturer can be held liable for
unforseen defects, even those that surface years after the design was
finalized. Public safety is the engineer’s chief concern.




