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Design of Thermo-Fluids
Systems

1.1 Engineering Design—Definition

Process of devising a system, subsystem, component, or process to meet desired
needs.

1.2 Types of Design in Thermo-Fluid Science

(i) Process Design: The manipulation of physical and/or chemical processes to meet
desired needs.

Example: (a) Introduce boiling or condensation to increase heat transfer rates.
(ii) System Design: The process of defining the components and their assembly to

function to meet a specified requirement.
Examples: (a) Steam turbine power plant system consisting of turbines, pumps,

pipes, and heat exchangers.
(b) Hot water heating system, complete with boilers.

(iii) Subsystem Design: The process of defining and assembling a small group of com-
ponents to do a specified function.

Example: Pump/piping system of a large power plant. The pump/piping
system is a subsystem of the larger power plant system used to transport water
to and from the boiler or steam generator.

(iv) Component Design: Development of a piece of equipment or device.
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2 Introduction to Thermo-Fluids Systems Design

1.3 Difference between Design and Analysis

Analysis: Application of fundamental principles to a well-defined problem. All sup-
porting information is normally provided, and one closed-ended solution
is possible.

Design: Application of fundamental principles to an undefined, open problem. All
supporting information may not be available and assumptions may need
to be made. Several alternatives may be possible. No single correct answer
exists.

1.4 Classification of Design

(i) Modification of an existing device for
(a) cost reduction;
(b) improved performance and/or efficiency;
(c) reduced mean time between “breakdowns”;
(d) satisfy government codes and standards;
(e) satisfy customer/client preferences.

(ii) Selection of existing components for the design of a subsystem or a complete
system.

(iii) Creation of a new device or system.

1.5 General Steps in Design

The general steps in the design process are shown schematically in Fig. 1.1.

1.6 Abridged Steps in the Design Process

1. Project Definition: One or two sentences describing the system or component to be
designed. Check the problem statement for information.

2. Preliminary Specifications and Constraints: List the requirements that the design
should satisfy. Requirements could come from the problem statement provided
by the client or from the end users’ preferences.

At this point, develop detailed, quantifiable specifications. For example, the
client wants a fan-duct system that is quiet. What does “quiet” mean? What are
the maximum and minimum noise levels for this “quiet” range? 60 dB may be
satisfactory. Could the maximum noise level be 70 dB?

Detailed specifications or requirements could originate from the client (“client
desired”), could be internally imposed by the designer to proceed with the
design, or could be externally imposed by international/federal/provincial/
municipal/industry standards or codes.
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Figure 1.1 General steps in the design process

3. Detailed Design and Calculations
(i) Objective

(ii) Data Given or Known
(iii) Assumptions/Limitations/Constraints
(iv) Sketches (where appropriate)
(v) Analysis

(vi) Drawings (where appropriate) or other documentation such as manufac-
turer’s catalog sheets and Specifications.

(vii) Conclusions
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