
ENG 3165 LECTURE 4
THERMODYNAMICS COMPONENT



The Laws of 
Thermodynamics 

(Continued)



Introduction

q This Lecture is a conclusion on the “Laws of
Thermodynamics” and the importance of the Second Law
of Thermodynamics is elaborated as it provides context
and direction to the First Law

q After completion of this Lecture students should be able to
explain the related concepts of Energy, Heat, Work,
Entropy and Enthalpy as defined in Thermodynamics.
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SECOND LAW OF THERMODYNAMICS
q This A hot cup of coffee gets cooled off when exposed to the surrounding

Energy lost by coffee = Energy gained by surroundings
q In this case, the First Law of Thermodynamics has been fully satisfied!
q However, the converse is NOT true, i.e.

Taking out heat energy from surroundings ≠ Coffee getting hot
q But the First Law of Thermodynamics is satisfied!!
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SECOND LAW OF THERMODYNAMICS
q It is a matter of everyday experience that there is a definite direction for spontaneous processes.
q Again consider the figure shown. Air held at a high pressure in a closed tank would flow
spontaneously to the lower atmospheric pressure surroundings if the interconnecting valve were
opened. Eventually fluid motions would cease and all of the air would be at the same pressure as
the surroundings.

q It should be clear that the inverse process would not take place spontaneously, even though energy
could be conserved: Air would not flow spontaneously from the surroundings at p0 into the tank,
returning the pressure to its initial value.

q The initial condition can be restored, but not in a spontaneous process. An auxiliary device
such as an air compressor would be required to return the air to the tank and restore the
initial air pressure.
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SECOND LAW OF THERMODYNAMICS -
SIGNIFICANCE

qWhen left to themselves, systems tend to undergo spontaneous
changes until a condition of equilibrium is achieved, both internally and
with their surroundings. In some cases equilibrium is reached quickly, in
others it is achieved slowly.

qFor example, some chemical reactions reach equilibrium in fractions of
seconds; an ice cube requires a few minutes to melt; and it may take
years for an iron bar to rust away.

qWhether the process is rapid or slow, it must of course satisfy
conservation of energy. However, this alone would be insufficient for
determining the final equilibrium state. Another general principle is
required.

This is provided by the second law.
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SECOND LAW OF THERMODYNAMICS -
SIGNIFICANCE

qBy exploiting the spontaneous processes it is possible for work to be
developed as equilibrium is attained: Instead of permitting the air to
expand aimlessly into the lower-pressure surroundings, the stream
could be passed through a turbine and work could be developed.

qAccordingly, in this case there is a possibility for developing work that
would not be exploited in an uncontrolled expansion.

qRecognizing this possibility for work, we can pose two questions:

1. What is the theoretical maximum value for the work that could be
obtained?

2. What are the factors that would ensure the realization of the
maximum value?
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SECOND LAW OF THERMODYNAMICS -
SIGNIFICANCE

qThe Second Law of Thermodynamics is not just limited to
identify the direction of the process

qIt also asserts that Energy has quantity as well Quality.

qIt helps to determine the Degree of Degradation of energy
during the process.

qIt is also used to determine the Theoretical Limits for the
performance of commonly used engineering systems such as
Heat Engines and Refrigerators
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SECOND LAW OF THERMODYNAMICS –
THERMAL ENERGY RESERVOIR

qA Thermal Energy Reservoir is a hypothetical
body with a relatively large Thermal Energy
Capacity (𝑴𝒂𝒔𝒔 ×𝑺𝒑𝒆𝒄𝒊𝒇𝒊𝒄 𝑯𝒆𝒂𝒕) that can
supply or absorb a finite amount of heat
without undergoing a change in
temperature e.g. ocean, lake, atmosphere,
two-phase system, industrial furnace etc.

qA reservoir that supplies energy in the form of
heat is known as a SOURCE.

qA reservoir that absorbs energy in the form of
heat is known as a SINK.
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STATEMENTS OF THE SECOND LAW OF 
THERMODYNAMICS 

qAmong many alternative statements of the second law, two are
frequently used in engineering thermodynamics.

qThey are the Clausius and Kelvin–Planck statements. The
objective of

qThese two statements are equivalent second law statements.

qThe equivalence of the Clausius and Kelvin–Planck statements can
be demonstrated by showing that the violation of each statement
implies the violation of the other.
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CLAUSIUS STATEMENT OF THE SECOND LAW
q The Clausius statement of the second law asserts

that: “It is impossible for any system to operate in
such a way that the sole result would be an
energy transfer by heat from a cooler to a hotter
body.”

q The Clausius statement does not rule out the
possibility of transferring energy by heat from a cooler
body to a hotter body, for this is exactly what
refrigerators and heat pumps accomplish.

qHowever, cooling of food is accomplished by
refrigerators driven by electric motors requiring work
from their surroundings to operate.

q The Clausius statement implies that it is impossible to
construct a refrigeration cycle that operates without
an input of work.
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KELVIN-PLANCK STATEMENT OF THE SECOND 
LAW

q The Kelvin–Planck statement of the second
law: “It is impossible for any system to
operate in a thermodynamic cycle and
deliver a net amount of energy by work to its
surroundings while receiving energy by heat
transfer from a single thermal reservoir.”

qSecond Law and Heat Engine: It is impossible
to extract an amount of heat from a hot
reservoir and use it all to do work. Some
amount of heat must be exhausted to a cold
reservoir.

q It means that the efficiency of a heat engine
cycle is never 100%.
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THE EVOLUTION 
OF THE SECOND 

LAW
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ENTROPY
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ENTROPY
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q It is the measure of the disorder in the system.

qAs the change in entropy can be described as the heat
added (or lost) per unit temperature

ΔS = Q/T

where ΔS is the change in entropy,
qQ is the heat flow into or out of a system, and T is the
absolute temperature in degrees Kelvin (K).

ENTROPY
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HEAT ENGINES
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CHARACTERISTICS HEAT ENGINES
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HEAT ENGINES – POWER CYCLES

𝑾𝒏𝒆𝒕 = 𝑸𝒊𝒏 −𝑸𝒐𝒖𝒕
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REFRIGERATORS
AND HEAT PUMPS
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𝑾𝒏𝒆𝒕 = 𝑸𝒐𝒖𝒕 −𝑸𝒊𝒏

REFRIGERATORS AND HEAT PUMP CYCLES
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REFRIGERATORS AND HEAT PUMP CYCLES

𝑾𝒏𝒆𝒕 = 𝑸𝒐𝒖𝒕 −𝑸𝒊𝒏



THE THIRD LAW OF THERMODYNAMICS
qFor a substance, if the random translational, rotational and vibrational types

of motion of the atoms and molecules making up the substance are reduced
to zero, then the substance is considered to become a perfect crystal form
and the energies associated with these forms of motion will be reduced to
zero.

qThis is referred to as the GROUND STATE

qTHE THIRD LAW STATES THAT AT THE ABSOLUTE ZERO OF 
TEMPERATURE, THE ENTROPY OF A PERFECT CRYSTAL OF A 

SUBSTANCE IS ZERO
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1. Zeroth Law (Universality of Temperature): Defines Temperature T

𝑨~𝑩 AND 𝑪~𝑩 → 𝑨~𝑪
2. First Law (Conservation of Energy): Defines Energy E

𝒅𝑼 = 𝒅𝑸 − 𝒅𝑾

3. Second Law (Arrow of Time): Defines Entropy S

𝒅𝑺
𝒅𝒕

≥ 𝟎
4. Third Law (Quantum Mechanics): Gives Numerical Value to 
Entropy

𝒍𝒊𝒎
𝑻→𝟎

𝑺 𝑻 = 𝟎
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SUMMARY



Summary: The Laws of 
Thermodynamics
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• Zeroth Law: If object A is in thermal equilibrium with object B, and if object
B is in thermal equilibrium with object C, then objects A and C are also in
thermal equilibrium.

• First Law: Energy is always conserved. It can change forms: kinetic,
potential, internal, etc.., but the total energy is constant. Another way to say
it is that the change in thermal energy of a system of a system is equal to
the sum of the work done on it and the amount of heat energy transferred to
it.

• Second Law: During any natural process, the total amount of entropy in the
universe always increases. Entropy can be defined informally as a measure
of randomness or disorder in a system. Heat flows naturally from a hot to
cooler surroundings as a consequence of the second law.



Summary: The Laws of 
Thermodynamics
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“Laws of  Thermodynamics

1. You cannot win, you can only 
break even.
2. You can only break even at 
absolute zero
3. You cannot reach absolute 
zero”

Anonymous
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Thank You

Eng. Flora Chitalu

The University of Zambia

School of Engineering

Department of Mechanical Engineering

flora.chitalu@unza.zm
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