
The Second Law implies:
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Clasius Inequality

0
T
δQ

0
T
Q

T
Q

T
T1

Q
Q1

T
TT

Q
QQ

Cycle Reversible afor 

l

l

h

h

h

l

h

l

h

lh

h

lh

=

=−

−=−








 −
=







 −

∫

∫ ≤ 0
T
Qδ

0
T
δQ

0
T
Q

T
Q

T
T1

Q
Q1

T
TT

Q
QQ

CycleleIrreversiban for 

l

l

h

h

h

l

h

l

h

lh

h

lh

〈

〈−

−〈−








 −
〈







 −

∫



Entropy Definition and Change
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      Liquid water enters an open feel water heater at .8 MPa and 35 C and 
steam enters at .8 MPa and 350 C.  The leaving stream is saturated liquid at 
pressure of .8 MPa.  Determine the ratio off the mass flow rates of the water 
and steam.  Determine the rate at which entropy is produced in the feed 
water heater.  
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Completely Reversible Process - System and surroundings
returned to the original state

Internally Reversible - System returned 
to the original state.

Externally Reversible - Surroundings returned
to the original state.



Temperature Entropy Property Diagrams
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Temperature Entropy Property Diagrams

Water



Entropy Change of an Ideal Gas
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Oxygen at .8 cubic meters/kg and
25 C is compressed in a piston
cylinder to .1 cubic meter/kg and
287 C.  What is the entropy change 
of the oxygen?
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6-30
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Steam at 200 C and 200 kPa
condenses in a 20 liter closed 
radiator with both the inlet 
and exit valves closed to a 
temperature of 80 C.Determine
the entropy change of the steam.

Cooled, closed steam radiator
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Isentropic Adiabatic Process
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Example:  water pumped
from 10 psia to 30 psia

Example:  water pumped
from 100 kPa to 300 kPa
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Expansion Process
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What is the work done by 3 kg/sec of
nitrogen expanded from 900 kPa, 50 C to
100 kPa at an 85% efficiency.
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Compression Process
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AIR TABLE - Table A-17, A-17E
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Air undergoes an adiabatic, 
isentropic expansion from 900 Kpa,
1000 K to 100 kPa.

900 kPa1

T

( )

( )

K560T    12.667,p  @                      

12.667
900
100114

p
ppp

p
p

p
p

25.17     v114.,p  K,1000 @
heat   specific    variable17A Table

K575.59
11000

p
pTT

1.336k   1.142,c  
 alues,constant vK @1000

K533.89
11000

p
pTT

1.4k    1.050,c 
 values,gas ideal re temperaturoom @

o
2r2

1

2
r1r2

r1

r2

1

2

r1r1
o

o1.336
11.336k

1k

1

2
12

p

o

o1.4
11.4k

1k

1

2
12

p

==

=×=







=

=

==

−

==







=

==

==







=

==

−
−

−
−

s
100 kPa

)difference (1.2%  /kgm 3178.v
900kPa

.100.286
p

RT  vLaw Gas Ideal Using

/kgm 3139.
647.9.
127./kgm6016.1

v
vvv

v
v

v
v

.127    vR,560T    17-A Table

 /kgm 6016.1
100kPa

.560.286
p

RTv

3
1

1

33

r2

r1
21

r1

r2

1

2

r2
o

2

3
2

=

×
==

==×=

=

==

=
×

==

2



6-42  Steam at 800 psia and 900 F enters an adiabatic turbine and leaves at 40 psia .  
What is the maximum amount of work that the turbine can deliver? 
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6-97  The power output of an adiabatic turbine is 8 MW.  Steam enters the turbine at 600 
C, 6 MPa and 80 m/sec.  Steam leaves the turbine at 50 kPa, 100 C and 140 m/sec.  
Determine a) the turbine steam mass flow rate, b) the isentropic efficiency of the turbine.
c) the entropy change in the expansion process 



6-107  Consider the effect of varying the isentropic efficiency of an adiabatic nozzle from 
80% to 100% on the nozzle exit temperature and pressure. Inlet conditions and the exit 
velocity are held constant.   Air enters the nozzle at 60 psia, 1020 F and a low velocity.  
Air leaves the nozzle at with a velocity of 800 ft.sec. 
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6-155  Steam enters a two-stage adiabatic turbine at a flow rate of 15 kg/sec, a pressure of
7MPa and a temperature of 500 C. After the first stage at a pressure of 1MPa 10% of the 
steam is extracted to be used in a heating process. Steam leaves the second stage of the 
turbine at 50 kPa.  Determine the power out put of the turbine for an isentropic expansion 
in both stages and for an isentropic efficiency of 88% in both stages. 
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                                 SECOND LAW OF THERMODYNAMICS

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 heat reservoir and the performance of a 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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