PHYS 1220, Engineering Physics, Chapter 20 — The Second Law of
Thermodynamics
Instructor: TeYu Chien
Department of Physics and Astronomy
University of Wyoming

Goal of this chapter is to learn how an engine and a refrigerator operates
in different cycle patterns, and their efficiency.

- In real world, all the processes have one preferential direction.
* They are all irreversible processes.
* They tend to increase the disorder/randomness.

- Both heat engine and refrigerator perform in cyclic processes. In other
words, the initial and final states are the same.
* AU=U,-U=0=0-w ,thus: Qo=w

- Heat Engine
* It's not possible to convert all the heat into mechanical energy (work).

* 0=0,1t0.= IQH|_ IQC|

» Efficiency is defined as: eZ%
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- Internal-Combustion Engine

Intake valve

Exhaust vaive

Both valves closed
KT

Intske strokes Piston
moves down, causing a
partial vacuum in cylinder;

gasoline~air mixture enters
through intake valve.

-
Compression strolces
Intake valve closes;
mixtnre is compressed as
piston moves up.

- k]
Spark phig
fires

Ignition: Spark plug

Povwer siroke: Hot bumned
ignites mixture.

mixture expands, pushing
piston down.

Exhaust stroke: Exhanst
valve opens; piston moves
up, expelling exhaust and

~ leaving cylinder ready for
next intake stroke.

* Otto Cycle (two adiabatic processes and two isochoric processes)
*  e=1- yl_l ; where r = compression ratio, which represent the ratio
r

between the largest volume and smallest volume (~ 8 to 10 for today's

automobile engine)

Otto cycle
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@ Cooling at constant volume
(cooling of exhaust gases)

* Diesel Cycle (two adiabatic processes, one isochoric process, and one

isobaric process)
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Diesel cycle

@ Fuel ignition, heating at constant
Oy | prossure (fusl combugstion). This

£ is a significant difference between
the Diesel and Otlo cycles.

@ Adiabatic expansion
1 (powet stroke)
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Adiabalié conipression
(compression stroke)

@ Cooling at constant volume
{cooling of exhaust gases)



e Carnot Cycle, an ideal cycle that maximize the heat engine efficiency
(two adiabatic processes and two isothermal processes)
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- Refrigerator (pump heat from low to high temperatures)
° K= QC| — pC|
w1 104l-10]
* K :WCI:% ; typical air conditioners have heat removal rates H of

5,000 to 10,000 Btu/h (~1,500 — 3,000 W); and require electric power
input of about 600 to 1,200 W. Thus, typical K = ~3.
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- The Second Law of Thermodynamics

It is impossible for any system to undergo a process in which it absorbs
heat from a reservoir at a single temperature and converts the heat

completely into mechanical work, with the system ending in the same
state in which it began.



It is impossible for any process to have as its sole result the transfer of
heat from a cooler to a hotter body.

- Entropy (a quantity to measure disorder)

. dS:% (infinitesimal reversible process)
2

 AS=[ dTQ (entropy change in a reversible process)

* The second law of thermodynamics: for all the processes, AS>0
including all the systems involved in the processes.
* Microscopic interpretation of entropy: S=klnw , where w represents

the number of possible microscopic states.

Macroscopic  Corresponding
state micrascopic states

Four heads

Three heads,
one tails

Two heads,
two tails

One heads,
three tails




