
Kelvin Planck Statement of the Second Law
It is impossible to construct an engine which, operating in a cycle, will produce no 

other effect than the extraction of heat from a single reservoir and the performance of an 
equivalent amount of work.

Clausius Statement of the Second Law

It is impossible to have a system operating in a cycle which transfers 
heat from a cooler to a hotter body without work being done on the 
system by the surroundings
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NEWCOMEN ATMOSPHERIC ENGINE
Ford Museum,Detroit,   1760,  14 strokes/min
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Carnot Principles

1.    No engine operating between two heat reservoirs, each having a fixed 
temperature, can be more efficient than a reversible engine operating 
between the same reservoirs.

Carnotactual ηη ≤

2.   All reversible engines operating between two heat reservoirs, each 
having its own fixed temperature, have the same efficiency.  

3.   The efficiency of any reversible engine operating between two 
reservoirs is independent of the nature of the working fluid and depends 
only on the temperature of the reservoirs.

4.   An absolute temperature scale can be defined in a manner 
independent of the thermometric material.  
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FIGURE 5-47
Proof of the first
Carnot principle.
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Carnot Cycle Performance

Work
Q

TT
T

QQ
QCOP

Work
Q

TT
T

QQ
QCOP

Q
Work

T
TT

T
T1

Q
Q-1η

are, COP  and efficiencyCarnot   The

T
T

Q
Q

scale,  ure  temperatnamic  thermodyabsolute  theUsing

out

LH

H

LH

H

CYCLE
REVERSIBLE
CARNOT

PUMP HEAT

in

LH

L

LH

L

CYCLE
REVERSIBLE
CARNOT

ORREFRIGERAT

inH

LH

H

L

H

L

CYCLE
REVERSIBLE
CARNOT
ENGINE

L

H

L

H

=
−

=
−

=

=
−

=
−

=

=
−

=−==

=










kJ/kg 62,000
C22O

rkJ/h  11,556Q
.725
4189.22

η

W2
Q

Q

W2

Q

W
.725

273.15800
K780

T
TTη

kJ/kg 4189.2
14.8

kJ/hr 62,000
COP
QW

14.8
20

22273.15
TT

T
W

Q
QQ

QCOP

in

  tpumphea
in

in

pumpheat  

in

engineheat  
O

h

lh

engineheat 

  tpumphea

out

pumpheat  

lh

h

pumpheat  

out

inout

out

pumpheat  

=

×
=

×
=

×
===

+
=

−
=

===

=
+

=
−

==
−

=

C800O
Half the work of an engine operating 
between  800 C and 20 C is used to 
power a refrigeration machine
absorbing heat at 2 C and rejecting
62,000 kJ/hr at 22 C How much 
heat is supplied to the engine?
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.0103 kg steam executes the following cycle.  The absolute high 
temperature is twice the absolute low temperature and the net work
output is 25 kJ.  Heat is rejected during a phase change from a vapor
to a liquid.  What is the rejection temperature?  
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Two Carnot engines operate in series at the 
same efficiency. The high temperature engine
receives heat at 2400 K and the low temperature 
engine rejects heat at 300.  What is the 
temperature between the engines?
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Ideal Gas Carnot Cycle
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33 Q,T
     An engineer proposed an attempted to improve the efficiency of a 
power cycle  by transferring heat from the available high temperature 
source to am alternate  higher temperature source using a heat pump. 
What do you think of this suggestion? 
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