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10-18E A simple steam Rankine cycle  operates between the specified pressure limits. The mass flow rate, the power 
produced by the turbine, the rate of heat addition, 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  From the steam tables (Tables A-4E, A-5E, and A-6E), 
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The mass flow rate of steam in the cycle is determined from 
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The power output from the turbine and the rate of heat addition are 
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10-25  A binary geothermal power operates on the simple Rankine cycle with isobutane as the working fluid. The isentropic 
efficiency of the turbine, the net power output, 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. 

Properties  The specific heat of geothermal water is taken to be 4.18 kJ/kg.ºC. 

Analysis (a) We need properties of isobutane, 
which are not available in the book. However, 
we can obtain the properties from EES. 
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10-34 An ideal reheat Rankine with water as the working fluid is considered. The temperatures at the inlet of both turbines, 
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  From the steam tables (Tables A-4, A-5, and A-6), 
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10-48 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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For an ideal closed feedwater heater, the feedwater is heated to the 
exit temperature of the extracted steam, which ideally leaves the 
heater as a saturated liquid at the extraction pressure. 
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An energy balance on the heat exchanger gives the fraction of 
steam extracted from the turbine ( 45 /mm �� ) for closed 
feedwater heater:  
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10-53  A steam power plant operates on an ideal regenerative Rankine cycle with two feedwater heaters, one closed 
and one open. The mass flow rate of steam through the boiler for a net power output of 400 MW 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  (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 0ΔpeΔke ####WQ �� , 
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where y is the fraction of steam extracted from the turbine ( 510 / mm �� ).  Solving for y, 

 05404.0
33.7985.2974
73.68033.798

69

45  
�
�

 
�
�

 
hh
hh

y  

8 

9 

10 

11 

1 
2 

7 

4 

6 

5 

Turbine 
Boiler 

Condenser Open 
fwh 

P I 

P II 
Closed 

fwh 

3 

y 

z 
1-y-z 

1 

2 

11 

s 

T 

8 

10 

1.2 MPa 

10 kPa 

0.6 MPa 

1 - y - z 

4 y 

3 

6 5 
9 

z 

10 MPa 

7 



 

PROPRIETARY MATERIAL. © 2015 McGraw-Hill Education.  Limited distribution permitted only to teachers and educators for course preparation.  If 
you are a student using this Manual, you are using it without permission. 

10-47 

 

For the open FWH, 
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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, 

 
� � � � � �� � 1694.0

40.1929.2820
40.19233.79805404.040.19238.670

210

2723  
�

���
 

�
���

 
hh

hhyhh
z  

Then, 

 � �� � � �� �
kJ/kg 127815492827

kJ/kg 154981.1910.21871694.005404.011
kJ/kg 282733.7988.3625

outinnet

111out

58in

 � � 
 ��� ��� 

 � � 

qqw
hhzyq

hhq
 

and 

 kg/s 313.0   
kJ/kg 1278

kJ/s 400,000

net

net

w
W

m
�

�  

(b) 45.2%  � � 452.0
kJ/kg 2827
kJ/kg 1549

11
in

out
th q

q
K  


