
 10-102

10-100  An 150-MW steam power plant operating on a regenerative Rankine cycle with an open feedwater heater is 
considered. The mass flow rate of steam through the boiler, the thermal efficiency of the cycle, and the irreversibility 
associated with the regeneration process are to be determined. 

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.  
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(a)  From the steam tables (Tables A-4, A-5, and A-6), 

( )
( )( ) ( )

/kgm  001093.0
kJ/kg 09.640

liquidsat.
MPa 5.0

kJ/kg 33.19252.081.191
kJ/kg 0.52

95.0/
mkPa 1

kJ 1kPa 10500/kgm  0.00101

/

/kgm  00101.0
kJ/kg 81.191

3
MPa 5.0 @ 3

MPa 5.0 @ 33

inpI,12

3
3

121inpI,

3
kPa 10 @ 1

kPa 10 @ 1

==
==

⎭
⎬
⎫=

=+=+=
=

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

⋅
−=

η−=

==

==

f

f

p

f

f

hhP

whh

PPw

hh

vv

v

vv

 

( )
( )( ) ( )

kJ/kg 02.65193.1009.640
kJ/kg 10.93

95.0/
mkPa 1

kJ 1kPa 50010,000/kgm  0.001093

/

inpII,34

3
3

343inpII,

=+=+=
=

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

⋅
−=

η−=

whh

PPw pv  

( )(
kJ/kg 1.2654     

0.21089554.009.640

9554.0
9603.4

8604.15995.6

MPa 5.0

KkJ/kg 5995.6
kJ/kg 1.3375

C500
MPa 10

66

6
6

56

6

5

5

5

5

=
+=+=

=
−

=
−

=

⎭
⎬
⎫

=
=

⋅=
=

⎭
⎬
⎫

°=
=

fgsfs

fg

fs
s

s

s hxhh
s

ss
x

ss
P

s
h

T
P

)

 

( )
( )(

kJ/kg 3.2798
1.26541.337580.01.3375

6556
65

65

=
−−=

−−=⎯→⎯
−
−

= sT
s

T hhhh
hh
hh

ηη
)
 

PROPRIETARY MATERIAL
preparation.  If you are a student using this Manual, you are using it without permission. 

. © 2011 The McGraw-Hill Companies, Inc.  Limited distribution permitted only to teachers and educators for course  



 10-103

( )(
kJ/kg 7.2089     

1.23927934.081.191

7934.0
4996.7

6492.05995.6

kPa 10
77

7
7

57

7

=
+=+=

=
−

=
−

=

⎭
⎬
⎫

=
=

fgsfs

fg

fs
s

s

s hxhh
s

ss
x

ss
P )  

( )
( )(

kJ/kg 8.2346
7.20891.337580.01.3375

7557
75

75

=
−−=

−−=⎯→⎯
−
−

= sT
s

T hhhh
hh
hh

ηη
)

)

 

The fraction of steam extracted is determined from the steady-flow energy balance equation applied to the feedwater 
heaters. Noting that , & &Q W ke pe≅ ≅ ≅ ≅∆ ∆ 0
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where y is the fraction of steam extracted from the turbine ( = & / &m m6 3 ).  Solving for y, 
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(b)  The thermal efficiency is determined from 
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Also, 

  
KkJ/kg 6492.0

KkJ/kg 8604.1

KkJ/kg 9453.6
kJ/kg 3.2798

MPa 5.0

kPa 10 @ 12

MPa 5.0 @ 3

6
6

6

⋅===
⋅==

⋅=
⎭
⎬
⎫

=
=

f

f

sss
ss

s
h
P

Then the irreversibility (or exergy destruction) associated with this regeneration process is 
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