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10-26 A 120-MW coal-fired steam power plant operates on a simple ideal Rankine cycle between the specified pressure 
limits. The overall plant efficiency and the required rate of the coal supply are to be determined. 

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible. 

Analysis (a)  From the steam tables (Tables A-4, A-5, and A-6), 
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The thermal efficiency is determined from 
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(b)  Then the required rate of coal supply becomes 
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10-41 A steam power plant that operates on a reheat Rankine cycle is considered. The condenser pressure, the net power 
output, and the thermal efficiency are to be determined. 

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible. 

Analysis (a) From the steam tables (Tables A-4, A-5, and A-6), 
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The pressure at state 6 may be determined by a trial-error approach from the steam tables or by using EES from the above 
three equations: 

 P6 = 9.73 kPa,   h6 = 2463.3 kJ/kg,   

(b) Then,  
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Cycle analysis: 
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(c) The thermal efficiency is 
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10-52  A steam power plant operates on an ideal regenerative Rankine cycle with two open feedwater heaters. The net 
power output of the power plant and the thermal efficiency of the cycle are to be determined.  

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible. 

Analysis  
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(a)  From the steam tables (Tables A-4, A-5, and A-6), 
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The fraction of steam extracted is determined from the steady-flow energy balance equation applied to the feedwater 
heaters. Noting that , 0∆pe∆ke ≅≅≅≅WQ &&
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where y is the fraction of steam extracted from the turbine ( = & / &m m8 5 ).  Solving for y, 
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where z is the fraction of steam extracted from the turbine ( = & / &m m9 5 ) at the second stage. Solving for z, 
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(b) The thermal efficiency is 
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10-53 An ideal regenerative Rankine cycle with a closed feedwater heater is considered. The work produced by the turbine, 
the work consumed by the pumps, and the heat added in the boiler are to be determined. 
Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible. 
Analysis  From the steam tables (Tables A-4, A-5, and A-6), 
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An energy balance on the heat exchanger gives the fraction of 
steam extracted from the turbine ( ) for closed 
feedwater heater:  
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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.  

Analysis  
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(a)  From the steam tables (Tables A-4, A-5, and A-6), 
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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 

 34.5%=−=−=
kJ/kg 2724.1
kJ/kg 1784.7

11
in

out
th q

q
η  

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 

 

( )[ ]

( ) ( )( ) ( )( )[ ]
kJ/kg 39.25=

−−−=

−−−=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+−== ∑∑

6492.01718.019453.61718.08604.1K 303

1 2630

0
surr

0gen0regen syyssT
T

q
smsmTsTi

L
iiee

 

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  


