The Second Law of
Thermodynamics



So far...

* \We have studied the second law by looking
at Its results

e \We don’t have a thermodynamic property
that can describe it

e In this chapter we will develop a
mathematical definition for entropy

— Entropy Is a quantitative measure of disorder



How does the second law relate to disorder?

 Disorder naturally increases, just like water
flows down hill and gases expand

 Natural processes proceed spontaneously
toward disorder



Disorder

* Cleaning your room takes a lot of effort
— Messing it up Is much easier

 Dissolving sugar in water increases disorder
— Sugar dissolves spontaneously
— Sugar and water don’t separate spontaneously



Energy

e |t takes the same amount of energy to clean
your room as to mess it up.

o |t takes the same amount of energy to
dissolve sugar as to separate It.

 \We all know that these are not equivalent,
reversible, processes.



Understanding Entropy

e \What Is 1t?
— |t’s a measure of disorder

e \We can define entropy about as well as we
can define energy

e Remember — we define energy as the ability
to do work



Clausius Inequality
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Clausius Inequality

If the heat engine is completely
reversible then...

Thenna;;eservoir TR T

[

[

| “\
| Reversible

: cycelic \
: device /

| 50 This is based on Chapter
i T N 7 5, where we said that

i i System || 3 5w, heat transfer rate in a

| L : reversible system is

Combined system proportional to the
(system and cyclic device) te m pe r atu re




Clausius Inequality

That means that we can rewrite the energy balance,
and solve for the net work (the work of the combined
system.
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Clausius Inequality

But we know that it is impossible for a system to
exchange heat with only one reservoir, and produce
work!!
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Clausius Inequality

Since Ty, is always positive...
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Clausius Inequality
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Can we prove that it is O for the reversible case?
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If the the “system” is
reversible, we can run
It backwards.

If it produces negative
work going one way, it
will produce positive
work going the other
way

But we know you can’t
exchange heat with only
one reservoir, and produce
work!!



Clausius Inequality

Therefore, for a reversible system, the cyclic
Integral must be O!!!
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Entropy

Entropy (S) I1s a measure of the disorder or
randomness In a system, and is a state variable (like
P,V,T) that does not depend on the path taken.

dS :O_Ir—Q (change In entropy S)

where dQ isan infinitesimal heat flow



Entropy

For any reversible process
(e.g. Carnot cycle):
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Entropy

* The entropy difference between two
equilibrium states a and b does not depend
on how the system got from a to b.
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Entropy is a state variable (like P,V and T)



Entropy

Pressure

Specific Volume

Consider a cycle
composed of two
processes

Process 1 (from
state 1 to state 2)
IS reversible

Process 2 (from
state 2 back to
state 1 is
arbitrary



Entropy

Since the process
IS a cycle, the total
change in entropy
IS O
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Entropy

So, the definition of a
change in entropy
becomes....
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Entropy Change
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Entropy Change
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Consider an adiabatic reversible process...

So... AS=0

A reversible, adiabatic process is called isentropic
and S is constant.

rev

But what if the process isn’t reversible?
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Isolated Systems
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Consider an isolated system

Because it is isolated, there
IS no heat transfer or work
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The equality holds if
all the processes
Inside the system
are reversible



Now consider the universe

e |t can be considered to be an isolated
system!!

AS, ... =AS.. +AS >0

universe system surrounding

This is the second law of thermodynamics,
expressed mathematically!!



You can consider any system to be isolated, if
you draw your system boundaries out far

enough
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Hopefully you have a better feel for entropy now!

 How do you calculate entropy changes for
real systems?
— If 1t’s reversible adiabatic, AS=0
— If 1t’s 1Isothermal heat transfer

— 2 ggnet _Qrev
SZ_S“L( T j_ T

— If 1t’s not an Ideal gas, just look It up on the
property tables



Entropy Is a property
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Entropy Is a property
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The entropy of a
pure substance Is
determined from
the tables, just as
for any other

property



Some Remarks about Entropy

* Entropy Is a non-conserved property, and there Is
no such thing as the conservation of entropy
principle. The entropy of the universe Is
continuously increasing.

e The performance of engineering systems is
degraded by the presence of irreversibilities, and
entropy generation is a measure of the magnitudes
of the irreversibilities present during that process.



Engineering Devices
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Many engineering devices are
essentially adiabatic

e They perform best when
Irreversibilities are
eliminated

 Isentropic model serves as
an idealization of a real
process

 These devices work best
when they are isentropic
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Property Diagrams Involving Entropy
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Consider some special cases of the T-s diagram

Temperature

Temperature

Entropy Entropy



T-s Diagram for the Carnot Cycle
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Entropy



Mollier Diagrams (h-s Diagrams)

For adiabatic,

steady flow

devices, Ah is a

Y measure of work,
4 Ah and As is a

measure of

) it irreversibilities




Mollier Diagram for Steam
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