
10–57 An ideal Rankine steam cycle modified with two closed feedwater heaters is shown 
below. The power cycle receives 75 kg/s of steam at the high pressure inlet to the turbine. The 
feedwater heater exit states for the boiler feedwater and the condensed steam are the 
normally assumed ideal states. The fraction of mass entering the high pressure turbine at state 
5 that is extracted for the feedwater heater operating at 1400 kPa is y 5 0.1446. Use the data 
provided in the tables given below to 
(a) Sketch the T-s diagram for the ideal cycle. 
(b) Determine the fraction of mass, z, that is extracted for the closed feedwater heater 
operating at the 245 kPa extraction pressure.
(c) Determine the required cooling water flow rate, in kg/s, to keep the cooling water 
temperature rise in the condenser to 10°C. Assume cp 5 4.18 kJ/kg·K for cooling water.
(d) Determine the net power output and the thermal efficiency of the plant.
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B)
z =

(h3 - 42) + y(h, -H ,b)

(h) - h , )

& = (533 - 256) + 0, 1446(633 -838)

(2418 - 533)
& = 0

. 048

C) i = 75(ty - z)ha + (y +2) h ,2 . h
,
)

CP · 18 °C

m = 75(0 . 7373) : 2477 + 10 ,24 27) . 333 - 25/

4, 18 %0

in = 3147kg/s

D) W+ = Us - yh - zhy - (1 -y -2)h ,

Wi = 3900 - 10
. 1446) . 3406 - 10 .848) . 2918 - (0 . 7573) . 2477

2+ = 1246k5/kg

wee = 1245 - 6 = 1240K5/ky

Wret = 1240 : 75 = 93, 000 kW

Pin = 75 . /3900 - 838) = 230
,
230 KW

93008
2 th = = 0. 404 = 40. 4 %

230 ,250



10–69 Steam enters the turbine of a cogeneration plant at 4 MPa and 5008C. One-fourth of 
the steam is extracted from the turbine at 1200-kPa pressure for process heating. The 
remaining steam continues to expand to 10 kPa. The extracted steam is then condensed and 
mixed with feedwater at constant pressure and the mixture is pumped to the boiler pressure of 
7 MPa. The mass flow rate of steam through the boiler is 55 kg/s. Disregarding any pressure 
drops and heat losses in the piping, and assuming the turbine and the pump to be isentropic, 
determine the net power produced and the utilization factor of the plant.
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Practice Problem :

9 MPa
400°

Turbine

Boiler

y) = 0.35
ye = 0 . 65

9 1. 6MP4
& 10 kPa

1
.
6MPa

PH condenser

1
.

6MP4

p Pump Mix 1
.
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FWH Pump
5 9 MPa
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Wee = M+ (ho - h) + M +y (h > - 48) - min(he- he) - M+ (hs - hu)

2500kw = m+ (384
+ 0, 65 . 740 - 0

.65 . 1 . 6 - 8
.575)

Mi = 2 . 4 KT/s


