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INTRODUCTION

Review industrial thermodynamic systems and their properties

e Thermodynamic systems:

o Power generation plant.
Significance of first law of thermodynamics.
Analysis of Non-Flow Energy Equation and Steady Flow Energy Equation systems.
Application of thermodynamic property tables.
Energy transfer systems employing polytropic processes.
Pressure/volume diagrams and the concept of work done.
The application of the Gas Laws and polytropic laws for vapours an
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are put off by material which does initi to be relevant to a topic or

ew learning or theory you will

Theory

Example

uld not be avoided if you are determined to learn. Please do take the
each of the given questions, in the order in which they are presented.
important, as further knowledge and confidence is built upon previous
kn ge and confidence. As an Online Learner it is important that the answers to
guestions are immediately available to you. Contact your Unit Tutor if you need help.

You can really cement your new knowledge by undertaking the challenges. A challenge
could be to download software and perform an exercise. An alternative challenge
might involve a practical activity or other form of research.

Challenge

Videos on the web can be very useful supplements to your distance learning efforts.
Wherever an online video(s) will help you then it will be hyperlinked at the appropriate
point.

Video

gy 0 0eh

Page 3 of 27 edexcel

Approved Centre



Unit Workbook 1 - Level 5 ENG — U64 Thermofluids
© 2020 UniCourse Ltd. All Rights Reserved

1.1 Fundamental Systems

1.1.1 Forms of Energy and Basic Definitions.

Thermodynamics is the study of behaviour and dynamics of energy. Energy comes in a wide variety of forms,
for example; if your lightbulb was powered by a gas power station, the energy changes several times before
coming out of the bulb as light and heat, shown by Fig.1.1. None of the processes will be 100% efficient, and
realistically will lose a lot of temperature as heat.

CE e CD e e S D @

Figure 1.1: An energy flow chart from gas to a lightbulb.

Fig.1.1 shows several different energies, but energy can be categorised into large

e Kinetic energy is the energy of a moving object, in Fig.1.1, thj : oft' s shaft spinning
to generate electrical energy

e Potential energy is the energy that an object has due to its pos ers, for example,
electrical energy moves from high charge to low charge. O e has more potential

e Internal energy is the energy that is holding the bond s together, such as the chemical
energy holding a fuel’s molecules together.

1.1.2 First Law of Thermodynamics
The first law of thermodynamics is simple: “en troyed, it can only be transferred
from one form to another”. The first law of ics canbe expressed as where Q is the heat of the
system, W is the work AU is the internal
potential energy change.

be expressed as Eq.1.1, where c is the velocity of the fluid,
e height of the system.

cs + mgzz) - (U1 + %mcl2 + mgzl) (Eq.1.1)

1.3.1 Closed Syste on-Flow Energy Equation

A system is defined as open or closed, and where the system meets its surroundings is called the
boundary. A closed system is one that only has an input or output of energy in some form, shown by Fig.1.2,
the boundary encloses the entire system, a closed system is typically used when modelling an engine’s
cylinder. The equation for closed systems (also known as the non-flow energy equation, is shown as Eq.1.2.

Q-wW=U,-U, (Eq.1.2)
The assumptions when calculating a closed system are:

e The fluid is compressible
e The systemisinsulated — meaning that heat is not lost to the environment over time (heat can be put
in, or taken out, but it is not slowly lost over time)
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e AKE and APE are negligible (= 0)

Heatin |

Work in Work out
L - >

¥ Heat out

Figure 1.2: A diagram of a closed system

111 Open Systems and the Steady Flow Energy Equat
An open system also has a mass flow, the boundary will surround the e t willalso have an intake
and exhaust of mass through the boundary. Most thermodynamic systems\Wwi en system, such as

___________________

steady state, such as a Ine or a refrigeration cycle. For steady flows undergoing changes in volume,
the enthalpy, represented by Eq.1.3 is the most convenient variable to represent that static energy of the
flow.

h=U+PV (Eq.1.3)

For these applications the first law of thermodynamics is expressed as Eq.1.4, known as the Steady Flow
Energy Equation.

Q—W,=m, (hz + %622 + gzz) —my (h1 + %c% + gzl) (Eq.1.4)
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An important aspect is the introduction of mass flow, the system must follow the conservation of mass. If
there is a change of area, speed or density then the mass flow will change. Shown by Eq.1.5, where p is the
density of the fluid, A is the cross-sectional area of the pipe, and c is the velocity of the fluid.

m = pAc (Eg.1.5)

Since the flow can change, or flows can be added or diverted from the pipes, we build Eq.1.6 for mass flow
continuity.

Xy = X moyr (Eq.1.6)

[ Example 3 ]

Two water pipes are converging into one large pipe, the first pipe has an are 12 and its water is
flowing at 160ms~1. The second pipe has an area of 0.03m? and itswater is . s~ L. The larger
pipe has an area of 0.45m?. Calculate:

a) The mass flow rate of the larger pipe.
b) The velocity of the larger pipe.

Answers:
a) The continuity of mass equation gives:
ml + Tﬁz = m3 = pA]_Cl + pAzCz = 1 O(OO . 20) = 2200kg . S_l

b) Using Eq.2.5, we can find velocity as

1.1.3 Heat and Work

When calculating
below.

o know the convention for calculations. Consider Eq.1.7

This is the equation used in a closgd’system, typically the compression or expansion stroke of a piston (where
there is negligible change,in kifietic or potential energy). The convention for energy transfer is:

e if heatis transferred from the surroundings into the system, then Q is positive,
e if heatis released from the system into the surroundings, then Q is negative,

e if external work is done on the fluid or engine, then W is negative,

e |f external work is done by the fluid or engine, then W is positive.

Calculate the work of an engine for one stroke if the if the heat is transferred out of the system is 300 kJ /kg
and the internal energy has decreased by 900 kJ /kg. State whether work is done on or by the fluid.

Q-W=U,-U,
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Heat is transferred out of the system, so Q is negative, and U, — U, is also negative since there is a decrease
in internal energy.

—300 — W = —900
—W = =900 + 300
—W = —600
W =600 kJ /kg

The work is positive; therefore, work is done by the fluid.

\9
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1.2 Fundamental Equations

1.2.1 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 calculate the number of moles, n, is
given by Eq.1.8, where m is the overall mass of the substance, and M, is the molecular mass of the substance.

m
n=_- (Eq.1.8)

For example, one mole of Helium (M,. = 4) would weigh 4 grams. To find the number of atoms or molecules
present in the substance, the number of moles is multiplied by Avogadro’s constant
(N4 = 6.022 x 1023mol™1).

Example 2 I

Find the number of molecules present in:

a) 3.5g of methane
b) 80g of Sodium Chloride

Answers:

a) Methane’s chemical formula is CH,, mea
(M,. = 12), so the total molecular mas

b) Sodium Chloride’s chemi ‘ .One chlorine atom (M,. = 35.5) for every sodium atom
(M, = 23), +23 =585
The nu 22 = 13675

58.5

olecules as 1.3675 X 6.022 x 1023 = 8.24 x 10%3molecules

1.2.2 The Ideal Gas
When the working flui odelled as a gas, it is useful to model it as an “ideal gas”. An ideal gas is an
imaginary substance that obeys the relationship in Eq.1.9, where P is the pressure, VV is the volume, n is the
number of moles, R,, is the universal gas constant (8.314] - mol™! - K™1) and T is the temperature in Kelvin.

PV =nR,T (Eg.1.9)

We can also change the ideal gas equation to incorporate the mass of the gas in question, by using the
individual gas constant R, which is calculated using Eq.1.10.

R = MgR, (Eq.1.10)
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