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This document is prepared to break the unit material down into bite size chunks. You will see the learning
outcomes above treated in their own sections. Therein you will encounter the following structures;

Explains why you need to study the current section of material. Quite often learners
are put off by material which does not initially seem to be relevant to a topic or
profession. Once you understand the importance of new learning or theory you will
embrace the concepts more readily.

Purpose

support the treatments
hyperlinks, which may be

Conveys new material to you in a straightforward fashion.
in this section you are strongly advised to follow the gj
useful documents or applications on the web.

Theory

The order is important,
knowledge and confiden
questions are i i i . Contact your Unit Tutor if you need help.

Challenge

Video
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An open system can have a mass flow, the boundary will surround the equipment, but will also have an
intake and exhaust of mass through the boundary. Most thermodynamic systems will use an open system,
such as heat pumps and refrigeration cycles.

Heatin |

Exhaust

Work out
>

Fig1.3: An open system and its boundaries

1.2 Fundamental Equations
1.2.1 Applying the First Law to Systems

The first law of the system can be c3
energies, where U is the internal o

KE is the kinetic energy.

ly the summation ( X ) of
is the potential energy, and

E=U+)PE
Meaning a change (A ) in energy is m

For a closed system it
KE = PE = 0. And so, the c
heat transferred, and W is th

ere is no flow in the system, meaning that
ween two points can be shown as Eq.1.3, where @ is the

Q=U,+W (Eq.1.3)
Which turnsi dynamic equation that is Eq.1.4.

-W=U,-U, (Eq.1.4)
For an open system , the equation is Eq.1.5.

Q - W =U, — U, + KE, — KE, + PE, — PE, (Eq.1.5)

1.2.2 Moles

Before moving onto gas laws, a brief explanation of the term “moles” is required. Moles
define the number of atoms or molecules that are present in a material. The equation to
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The ratio of the specific heats, v, is also important in calculations which will be discussed in Section.1.2.6.
But the equation for finding y is Eq.1.15.

2oy (Eq.1.15)
1.2.6 Pressure-Volume Diagrams
When analysing the thermodynamics of a system, one of the first steps is to develop its
pressure-volume (P-V) diagram. With volume on the x-axis and pressure on the y-axis, Fig.1.4
shows the P-V diagram of a standard air heat engine. The area enclosed by the graph is the work done by
the system.

Fig.1.4: P-V diagram of a he more detail in workbook 4

P-V diagrams can also help show the work outp
movement, such as the drive shaft of
by the system. Work can be calculat

The work is the useful energy used to create
enclosed within the graph is the work done

(Eq.1.16)
Knowing the overall net wor ill give the efficiency of the system in Eq.1.17.

(Eg.1.17)
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Fig.1.10: Adiabatic on a P-V diagram (left) and T-S diagram (right).

[ Example 2 ]

A polytropic process features the following parameters;

P, = 8 kPa
P, = 0.5 kPa
V, =20m3
V, =5m3

Determine the index of compression fqr this proc

ANSWER
PV™ = constant .. P,

Take logs of bo es.

_ ) _log(16)  1.204 _
) " log(4) 0.602
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