
ENG 3165 LECTURE 3
THERMODYNAMICS COMPONENT



The Laws of 
Thermodynamics



Introduction

qThis Lecture gives an introduction to the Laws of
Thermodynamics.

qEnergy is defined in terms of Work and Heat
Transfer.

qSeveral definitions of the First Law of
Thermodynamics are given in relation to both
closed and open systems: the Non-Flow Energy
Equation and the Steady Flow Energy
Equation.
CHITALU 2022 8/8/22 3



REVIEWING MECHANICAL CONCEPTS OF 
ENERGY

qNewton’s laws of motion, which provide the basis for
classical mechanics, led to the concepts of work, kinetic
energy, and potential energy, and these led eventually to a
broadened concept of energy.

qThe change in kinetic energy, ∆𝑲𝑬, is:

∆𝑲𝑬 = 𝑲𝑬𝟐 −𝑲𝑬𝟏 =
𝟏
𝟐𝒎(𝑽𝟐

𝟐 − 𝑽𝟏𝟐)

qFurthermore, the quantity mgz is the gravitational potential
energy, PE. The change in gravitational potential energy,
∆PE, is

∆𝑷𝑬 = 𝑷𝑬𝟐 − 𝑷𝑬𝟏 = 𝒎𝒈(𝒛𝟐 − 𝒛𝟏)

qIn SI, the energy unit is the newton-meter, N m, called the
joule, J.
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INTERNAL ENERGY, U
qThe total energy, E of a system, includes kinetic

energy, gravitational potential energy, and other
forms of energy.

qWhen work is done to compress a spring, energy
is stored within the spring or when a battery is
charged, the energy stored within it is increased.
And when a gas (or liquid) initially at an equilibrium
state in a closed, insulated vessel is stirred
vigorously and allowed to come to a final
equilibrium state, the energy of the gas is
increased in the process.

qIn each of these examples the change in system
energy cannot be attributed to changes in the
system’s kinetic or gravitational potential energy.
The change in energy can be accounted for in
terms of internal energy.
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INTERNAL ENERGY, U

qIn engineering thermodynamics the change in the total
energy of a system is considered to be made up of three
macroscopic contributions.
1. One is the change in kinetic energy, associated with the
motion of the system as a whole relative to an external
coordinate frame.

2. Another is the change in gravitational potential energy,
associated with the position of the system as a whole in
the earth’s gravitational field.

3. All other energy changes are lumped together as the
internal energy of the system.

qLike kinetic energy and gravitational potential energy,
internal energy is an extensive property of the system, as is
the total energy.
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INTERNAL ENERGY, U
qInternal energy is represented by the symbol U, and the change in

internal energy in a process is 𝑼𝟐 −𝑼𝟏. The specific internal energy
is symbolized by u.

qThe change in the total energy of a system is
𝑬𝟐 − 𝑬𝟏 = 𝑲𝑬𝟐 −𝑲𝑬𝟏 + 𝑷𝑬𝟐 − 𝑷𝑬𝟏 + 𝑼𝟐 −𝑼𝟏

Or
∆𝑬 = ∆𝑲𝑬 + ∆𝑷𝑬 + ∆𝑼

qAt the microscopic level, part of the internal energy of the gas is
the translational kinetic energy of the molecules as well as the
kinetic energy due to rotation of the molecules relative to their
centres of mass and the kinetic energy associated with vibrational
motions within the molecules.

qIn addition, energy is stored in the chemical bonds between the
atoms that make up the molecules. Energy storage on the atomic
level includes energy associated with electron orbital states, nuclear
spin, and binding forces in the nucleus.
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• In this course we shall mainly be concerned with changes of U
that are associated with changes of the thermal energy of the
system. A useful way to think of thermal energy is Thermal energy:
kinetic energy associated with random motions of molecules at
the microscale. In fact, the temperature is a measure of the
average internal energy

• In thermodynamics, one almost always considers situations where
the macroscopic energy is constant: the system is immobile
(macroscopically), does not change altitude, etc.

• The energy variations of the system are then equal to the
variations of the internal energy:

∆𝑬 = ∆𝑼
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ENERGY TRANSFER BY HEAT
qHeat is usually defined as energy

transport to or from a system due to a
temperature difference between the
system and its surroundings.

qThis can occur by only three modes:
conduction, convection, and radiation.

qCan occur only in the direction of
decreasing temperature.

qThe symbol Q denotes an amount of
energy transferred across the boundary of
a system in a heat interaction with the
system’s surroundings.

qHeat transfer into a system is taken to be
positive, and heat transfer from a system
is taken as negative.

Q  > 0: heat transfer to the system
Q <  0: heat transfer from the system
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WORK IN MECHANICS

qIn mechanics, when a body moving along a path is acted on
by a resultant force that may vary in magnitude from position
to position along the path, the work of the force is written as
the scalar product (dot product) of the force vector F and the
displacement vector of the body along the path ds. That is:

𝑾𝒐𝒓𝒌 = 4
𝟏

𝟐
𝑭 6 𝒅𝒔

qWhen the resultant force causes the elevation to be
increased, the body to be accelerated, or both, the work done
by the force can be considered a transfer of energy to the
body, where it is stored as gravitational potential energy
and/or kinetic energy.

qThe notion that energy is conserved underlies this
interpretation.
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qWork is more difficult to define. It is often defined as a force moving
through a distance, but this is only one type of work; there are many
other work modes as well.

qSince the only energy transport modes for moving energy across a
system’s boundary are heat, mass flow, and work, the simplest definition
of work is that it is any energy transport mode that is neither heat nor
mass flow

qIn thermodynamic analysis, work is done by a system on its
surroundings if the sole effect on everything external to the
system could have been the raising of a weight.

qMoving System Boundary Work: Whenever a system boundary
moves such that the total volume of the system changes, moving
system boundary work occurs. This is sometimes called expansion or
compression work, and it has wide application in mechanical power
technology CHITALU 2022
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WORK IN THERMODYNAMICS  
(ENERGY TRANSFER BY WORK)



ENERGY TRANSFER BY WORK 
: Sign Convention and Notation

• Engineering thermodynamics is frequently concerned with
devices such as internal combustion engines and turbines whose
purpose is to do work.
• Hence, it is often convenient to consider such work as positive.
That is,

W >  0: work done by the system
W < 0: work done on the system

• This sign convention is not universal. Many physicists use
precisely the opposite convention. Probably the reason for this
convention is that thermodynamics is a science that was invented
by engineers in the nineteenth century. And those engineers
wanted to produce work from steam engines. Systems doing
work were viewed favorably and endowed with a positive sign.
•We associate energy with the ability to do work
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ENERGY ACCOUNTING :Energy 
Balance for Closed Systems

qThe only ways the energy of a closed system can be changed is
through transfer of energy by work or by heat. Further, a
fundamental aspect of the energy concept is that energy is
conserved. This is the first law of thermodynamics and can
summarised as follows:

𝑬𝟐 − 𝑬𝟏 = 𝑸−𝑾

⟹ ∆𝑲𝑬 + ∆𝑷𝑬 + ∆𝑼 = 𝑸−𝑾

⟹ ∆𝑼 = 𝑸−𝑾

CHITALU 2022 8/8/22 13



ENERGY ACCOUNTING : Other 
Forms of the Energy Equation

qThe energy balance in differential form is:

𝒅𝑬 = 𝜹𝑸 − 𝜹𝑾

qThe instantaneous time rate form of the energy

balance is:

𝒅𝑬
𝒅𝒕

= 𝑸̇ − 𝑾̇
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ENERGY ACCOUNTING : Other 
Forms of the Energy Equation

qThe energy balance for any system undergoing a
thermodynamic cycle takes the form

∆𝑬𝒄𝒚𝒄𝒍𝒆 = 𝑸𝒄𝒚𝒄𝒍𝒆 −𝑾𝒄𝒚𝒄𝒍𝒆

qwhere Qcycle and Wcycle represent net amounts of
energy transfer by heat and work, respectively, for the
cycle. Since the system is returned to its initial state
after the cycle, there is no net change in its energy.
Therefore, the left side of the equation equals zero,
and the equation reduces to

𝑾𝒄𝒚𝒄𝒍𝒆 = 𝑸𝒄𝒚𝒄𝒍𝒆
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ENERGY ACCOUNTING :Energy 
Balance for Closed Systems

qThe quantities symbolized by W and Q in the
foregoing equations account for transfers of energy
and not transfers of work and heat, respectively. The
terms work and heat denote different means by which
energy is transferred and not what is transferred.
qHowever, for simplicity, in subsequent discussions, W
and Q are often referred to simply as work and heat
transfer, respectively.
qThis less formal manner of speaking is commonly
used in engineering practice.
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THERMODYNAMIC PROCESSES: 
ADIABATIC PROCESSES
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THERMODYNAMIC PROCESSES: 
ADIABATIC PROCESSES

-W

negative
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THERMODYNAMIC PROCESSES: 
ADIABATIC PROCESSES
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THERMODYNAMIC PROCESSES: 
ADIABATIC FREE EXPANSION
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THERMODYNAMIC PROCESSES: 
ISOBARIC PROCESSES
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THERMODYNAMIC PROCESSES: 
ISOCHORIC/ ISOVOLUMETRIC 

PROCESSES
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THERMODYNAMIC PROCESSES: 
ISOTHERMAL PROCESSES
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THERMODYNAMIC PROCESSES: 
ISOTHERMAL PROCESSES
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THERMODYNAMIC PROCESSES: 
ISOTHERMAL EXPANSION



8/8/22CHITALU 2022 26

SPECIAL PROCESSES 
SUMMARY
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ZEROTH LAW OF THERMODYNAMICS



THE FIRST LAW OF THERMODYNAMICS
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THE FIRST LAW OF THERMODYNAMICS

• To complete a cycle, a working substance is taken
through a sequence of events and is returned to its
original state. Its final properties are identical to its
original properties.

• If work is transferred through the cycle then the energy
to provide the work must have been transferred as heat
and must exactly equal the work done.

• During some processes of the cycle, work is done by
the substance, while during others, work is done on the
substance.

• Similarly, during some processes, heat is transferred
into the substance while during others, heat is
transferred out
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THE FIRST LAW OF THERMODYNAMICS

• Thus, for a cycle there is no net property change.

Net heat transfer – Net work transfer = 0

Or,

𝜮𝑸 = 𝜮𝑾

Or as it is written symbolically,

∲ 𝑸 = ∲𝑾

• The symbol ∲ means the summation around the

cycle.
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• A closed system can interact with its surroundings via
work work as well as via heat transfer.

• A process that involves work transfer but does involve
thermal interactions or heat transfer is called an
adiabatic process as noted in the previous slide.

• A process with no thermal interactions is called a non-
adiabatic process.

• It has been shown experimentally that the net work done
by or on a closed system undergoing an adiabatic
process depends solely on the end states and not on the
details of the process.

𝑬𝟐 − 𝑬𝟏 = −𝑾𝒐𝒖𝒕

CONSERVATION OF ENERGY FOR A 
CLOSED SYSTEM
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• Shown below is a P-V
(Pressure – Volume)
diagram for a qiasi-
equilibrium adiabatic gas
compression or expansion
process.

• This processes are
described by the equation
𝑃𝑉#.% = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 ; with
polytropic exponent n=1.4 for
air.

• The work done is the area
under the graph.

CONSERVATION OF ENERGY FOR A 
CLOSED SYSTEM
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CONSERVATION OF ENERGY FOR A 
CLOSED SYSTEM
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CONSERVATION OF ENERGY FOR A 
CLOSED SYSTEM
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THE FIRST LAW OF THERMODYNAMICS
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THE FIRST LAW OF THERMODYNAMICS: 
Specific Quantities
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THE FIRST LAW OF THERMODYNAMICS:
Differential and Specific Time Rate Forms
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THE FIRST LAW OF THERMODYNAMICS:
Differential and Specific Time Rate Forms
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THE FIRST LAW OF THERMODYNAMICS:
Closed System operating on a Cycle
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THE FIRST LAW OF THERMODYNAMICS:
Closed System operating on a Cycle
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THE FIRST LAW OF THERMODYNAMICS:
Closed System operating on a Cycle



THE NON-FLOW ENERGY EQUATION

• If a process is carried out on a substance in a closed system
such that there is both Heat and Work Transfer, it is not
necessarily the case that the algebraic sum of the energy
transfers is zero, meaning

∑𝑾 ≠ ∑𝑸

• According to the Principle of Conservation of Energy:

Energy In = Energy Out

• Thus, if the Heat and Work Transfers are not equal, then any
energy difference must have been added or lost from the
substance.

• This again introduces the concept of Internal Energy, which is
that energy residing within the substance.
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THE NON-FLOW ENERGY 
EQUATION

• Thus with the inclusion if Internal Energy:

𝑸 = ∆𝑼 +𝑾
Where:
Q = Heat Transfer
∆𝑈= Change in Internal Energy
W=Work Transfer

This is another statement of the First Law of 
Thermodynamics
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THE CONTINUITY 
EQUATION
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q The continuity equation is simply a mathematical
expression of the principle of conservation of mass. For
a control volume that has a single inlet and a single
outlet, the principle of conservation of mass states
that, for steady-state flow, the mass flow rate into the
volumemust equal the mass flow rate out.

q For a fluid substance flowing through a steady flow
open system, the mass flow rate through any section
inthe system must be constant.



THE CONTINUITY EQUATION
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Atany section in thesystem:

𝒎̇𝒊𝒏 = 𝒎̇𝒐𝒖𝒕
(𝝆𝑨𝑽)𝒊𝒏 = 𝝆𝑨𝑽 𝒐𝒖𝒕
𝝆𝑨𝟏𝑽𝟏 = 𝝆𝑨𝟐𝑽𝟐

𝑴𝒂𝒔𝒔𝒆𝒏𝒕𝒆𝒓𝒊𝒏𝒈𝒑𝒆𝒓𝒖𝒏𝒊𝒕 𝒕𝒊𝒎𝒆 = 𝑴𝒂𝒔𝒔 𝒍𝒆𝒂𝒗𝒊𝒏𝒈𝒑𝒆𝒓𝒖𝒏𝒊𝒕 𝒕𝒊𝒎𝒆
And,

𝒎̇ = 𝑨𝑽
𝝂
= 𝝆𝑨𝑽

Where:
A=Cross sectional area of flow
V=Velocity of flow
ρ = density of fluid
𝜈 = specific volume of fluid



THE STEADY-FLOW ENERGY 
EQUATION
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q In a steady flow system (an open system or control volume), it is
considered that the mass flow rate of fluid or substance throughout
the system is constant.

q It is further considered the total energy of the fluid mass in the system
remains constant.

q If this is the case, then:

𝑬𝟏 = 𝑬𝟐…………………………..(1)

Hence, 𝑬𝟐 − 𝑬𝟏 = 𝟎…………………………(2)

q From this equation it follows that:

𝑸−𝑾 = 𝑯𝟐 −𝑯𝟐 + 𝑲𝑬𝟐 −𝑲𝑬𝟏 + (𝑷𝑬𝟐 − 𝑷𝑬𝟏)….(3)

This is known as the steady-flow energy equation (SFEE)



THE STEADY-FLOW ENERGY EQUATION
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q Nowassuming that𝑬𝟏 = 𝑬𝟐 as before:

𝑼𝟏+𝑷𝟏𝐕𝟏+𝑲𝑬𝟏+𝑷𝑬𝟏+𝑸 = 𝑼𝟐+𝑷𝟐𝐕𝟐+𝑲𝑬𝟐+𝑷𝑬𝟐+𝑾…. 𝟒

q This equation is for any mass flow rate. It is often convenient to consider the flow of unit
mass flow through a system, in which case specific quantities are used and the equation
becomes:

𝒖𝟏+𝑷𝟏𝒗𝟏+𝑲𝑬𝟏+𝑷𝑬𝟏+𝒒 = 𝒖𝟐+𝑷𝟐𝒗𝟐+𝑲𝑬𝟐+𝑷𝑬𝟐+𝒘…. 𝟓

The figure below illustrates a steady flow open system into which a fluid flows with pressure 𝑃&
and specific volume 𝑣&, and specific internal energy 𝑢&.



THE STEADY-FLOW ENERGY EQUATION
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q In its passage through the system, specific heat energy q and specific workw
are transferred into or out of the system. The fluid leaves the system with

pressureP2, specific volume v2, specific internal energy u2and velocityV2.

𝒖𝟏 +𝑷𝟏𝒗𝟏 +
𝑽𝟏𝟐

𝟐
+𝒈𝒁𝟏 +𝒒 = 𝒖𝟐 +𝑷𝟐𝒗𝟐 +

𝑽𝟐𝟐

𝟐
+𝒈𝒁𝟐 +𝒘…. 𝟔

q In thermodynamic systems, any changes in gravitational potential energy are
mostly small compared with other energy forms. The terms gZ therefore
neglected. Equation (6) then becomes:

𝒖𝟏 +𝑷𝟏𝒗𝟏 +
𝑽𝟏𝟐

𝟐
+𝒒 = 𝒖𝟐 +𝑷𝟐𝒗𝟐 +

𝑽𝟐𝟐

𝟐
+𝒘 …. 𝟕

q Also since 𝑢# +𝑃#𝑣# = ℎ = 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑛𝑡ℎ𝑎𝑙𝑡𝑦, equation (7) then becomes:

𝒉𝟏 +
𝑽𝟏
𝟐

𝟐
+𝒒 = 𝒉𝟐 +

𝑽𝟐
𝟐

𝟐
+𝒘……….(8)



ENTHALPY
qWhen a process takes place at constant pressure, the heat

absorbed or released is equal to the Enthalpy Change.

qEnthalpy is an energy like property or state function – it has the
dimensions of energy and is measured in units of joules

qIts value is determined entirely by the temperature, pressure and
composition of the system, and not its history.

qIt is denoted by H
𝑯 = 𝑼+ 𝐏𝐕,

𝐖𝐡𝐞𝐫𝐞:
𝐇 = 𝐄𝐧𝐭𝐡𝐚𝐥𝐩𝐲 𝐨𝐟 𝐭𝐡𝐞 𝐬𝐲𝐬𝐭𝐞𝐦
𝐔 = 𝐈𝐧𝐭𝐞𝐫𝐧𝐚𝐥 𝐞𝐧𝐞𝐫𝐠𝐲 𝐨𝐟 𝐭𝐡𝐞 𝐬𝐲𝐬𝐭𝐞𝐦
𝐏 = 𝐏𝐫𝐞𝐬𝐬𝐮𝐫𝐞 𝐨𝐟 𝐭𝐡𝐞 𝐬𝐲𝐬𝐭𝐞𝐦
𝐕 = 𝐯𝐨𝐥𝐮𝐦𝐞 𝐨𝐟 𝐭𝐡𝐞 𝐬𝐲𝐬𝐭𝐞𝐦
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ENTHALPY



“We define thermodynamics
... as the investigation of the
dynamical and thermal
properties of bodies,
deduced entirely from the
first and second law of
thermodynamics, without
speculation as to the
molecular constitution.”

James Clerk Maxwell
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Thank You

Eng. Flora Chitalu

The University of Zambia

School of Engineering
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