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‘ Processos irreversiveis

Conversao de trabalho em calor

Expansao livre

Cras

P, T, |vacuum
v

Ty Tz ™~ Insulation

Owver time, Ty — T»
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Conversao de trabalho em calor

W (work in)

{2 (heat out)

Se o sistema tem a sua energia
interna inalterada:

O=W
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Conversao de calor em trabalho

—lt-'rl-" )
t Se o sistema tem o seu estado

final igual ao inicial (ou seja, ao
2 final de um ciclo):

W <0

"~ w

ET P
T——  Work received, W
? ]
L1
|
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| Z2. |
System 1.
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T, |

http://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node30.html
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Maquinas termicas reais
Sistema operando em ciclo:

Fonte quente AU =0
i I W o Q2 - Q1

i ! — Winet work)
=41 --- o Eficiéncia térmica da maquina
I| Trabalho util

m T , (ou rendimento térmico):

ey
WO
Fonte fria T] - — 17

O, )

| T2

http://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node30.html
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Ciclo de Carnot

» Trabalho seminal: “Reflexdes sobre a poténcia motriz do
fogo” (1824).

 Qual (e como obter) o rendimento maximo de uma

maquina térmica?
L. o . L Nicolas Sadi Carnot (1796-1832)
« Maxima eficiéncia: processos unicamente reversiveis.

- Eficiéncia maxima depende apenas das temperaturas das

fontes quente e fria.
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Insulating stand Reservoir

http://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node24.html
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‘ Ciclo de Carnot

Gas ideal:

RO

12 b

ke
b
\
A

L

Reservoir Insulating stand

V
T W o
r; O, O,
I il |
[}

Reservoir

Rendimento da maquina de Carnot ideal:
I
L_0 n=1---
L, 0 2

http://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node24.html
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22 Lei da Termodinamica — Enunciado de Kelvin-Planck

« Nenhum processo cujo unico resultado seja a absorcdo de calor de um

reservatorio e a conversao integral desse calor em trabalho € possivel.

L
LTz l ' | Maquinas térmicas reais:
W <0,
e | n<l
&

http://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node30.html
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Motores de combustao externa

» Motor de Stirling:

R

)

<}

(b)
Heat and Thermodynamics, Zemansky
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Motores de combustao externa

» Motor de Stirling:

& &
&I

http://en.wikipedia.org/wiki/Stirling_engine
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Motores de combustao externa

» Motor de Stirling:

A

12

Rendimento do motor de Stirling (ideal):

e

n= T,

http://en.wikipedia.org/wiki/Stirling_engine
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Motores de combustao externa
« Maquina a vapor: : 4

& Pressure P

1 Feed-water
. Rump

% and piston

Volume V.

(a) (6)
Fig. 7-3 (a) Elementary steam power plant. (b) PV diagram of Rankine cycle.

Heat and Thermodynamics, Zemansky
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Motores de combustao externa

« Maquina a vapor:

How Steam Engines Work LD ©2008 HowStufWarks

Slide Valve HIGH-PRESSURE EXHAUST

STEAM IN STEAM

Valve Rod

Cross Head —

Cross-Head

PE.scthn Piston Cylinder

P

Adiabatic
comjpression

-
Ligpuid

water

A Steam Engine

Adiabatic
expansion - power stroke

-V diagram of the steam engine

http://universe-review.ca/R13-09-thermodynamics.htm

http://www.personal.psu.edu/jun3/blogs/pa_center_for_the_book_workshop/steamengine.gif
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Motores de combustao interna

Ciclo de Otto (ideal)
k)

» Motor de quatro estagios (gasolina):

4 7
A" Xt
Ciclo de Otto (real)
P A ::::mp;c
0 f v A

Spark E:lhaus:
valve
O o ® ® O
Pl - D
Exhaust valve
closes
o
v

http://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node26.html
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Motores de combustao interna

* Motor de quatro estagios (gasolina):

Ciclo de Otto (ideal)
k)

L H
V=V, V=V, y

http://en.wikipedia.org/wiki/Petrol_engine
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Motores de combustao interna

3

» Rendimento do ciclo de Otto (ideal) :

4
i i/
\ ?
®© O

1 | © O 0
Jul
n_1_T4_Tl —1_ 1 giﬂ
-1, V, 1V E 3

i i i i i i i
a 2 4 6 E 10 12 14 16

Razé&o de compresséo: r = V,/V, Compression ratio, r,

http://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node26.html
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‘ Motores de combustao interna

» Motor Diesel: Ciclo de Diesel (ideal)

P A

INDUCTION | COMPRESSION IGNITION EXHAUST

http://www.myrctoys.com/fags/engine-diagrams-and-animations

http://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node27.html
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Refrigeradores e bombas de calor

Sistema operando em ciclo:

Fonte quente AU =0
|72 1; , | W = Q2 — Q1

-q=1--- Coeficiente de performance
\ Trabalho externo do refrigerador:
I B i
2y
O O
Fonte fria 0

“w :QZ_QI

http://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node25.html
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Transferéncia de calor de um corpo frio para um corpo quente

Se o0 sistema tem o0 seu estado
final igual ao inicial (ou seja, ao
final de um ciclo):

W=0,-0#0

http://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node37.html
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22 Lei da Termodinamica — Enunciado de Clausius

« Nenhum processo cujo unico resultado seja a transferéncia de calor de um
corpo a uma temperatura inferior para outro a uma temperatura superior é

possivel.

| T2 4 | Refrigeradores reais:
|
|
- System .
: o W=0,-0#0
; - W
I, T' |

http://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node25.html
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Refrigerador de Carnot

Gas ideal:
Pl &
b
d
v =
L _ 9
T2 Qz

|72

Ao o s oEm omm

Coeficiente de performance:

O 1

O, -0 _Q_l
I

http://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node25.html

=
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Refrigeradores comerciais

Pressure P

Liquid rx Compressor
storage

Throttling
54 valve

Valume V s ’
AR inaike
clngrats
(a) (&)
Fig. 7-7 (a) Elementary refrigeration plant. (8) PV diagram of commercial refrigerator TuT.,

cyele.

Heat and Thermodynamics, Zemansky

http://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node25.html

Termodinamica — 2010/02 Prof. Jair C. C. Freitas —Depto. de Fisica / UFES



‘ Equivaléncia dos enunciados de Kelvin-Planck e Clausius

W=q -Q:

— — —

Refrigerator Engine

i

Fig. 7-10 Proof that —C D —K. The refrigerator on the left is a violation of C; the
refrigerator and engine acting together constitute a violation of K.

Heat and Thermodynamics, Zemansky
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Equivaléncia dos enunciados de Kelvin-Planck e Clausius

Engine Refrigerator

'No heat

Fig. 7-11 Proof that —K ) —C. The engine on the left is a violation of K; the engine
and refrigerator acting together constitute a violation of C.

Heat and Thermodynamics, Zemansky
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