10-106

10-102 An ideal reheat-regenerative Rankine cycle with one open feedwater heater is considered. The fraction of steam
extracted for regeneration 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),

hy =Nt @1skpa =225.94 kl/kg

VI =V¢ @15 pa =0.001014 m’/kg |

WoLin = Y1 (Pz - Pl) 11 Boiler

~(0.001014 m*/kg)600-15 kPa — |

1 kPa-m
=0.59 kl/kg
hy =hy +W,y;, =225.94+0.59 = 226.53 ki/kg
Open

P, =0.6 MPa | hs =h¢ g o6 mpa =670.38 kl/kg T4 ffvh Condens.
sat. liquid V3 =Vt @oempa =0.001101 m’/kg 2

= (0.001101 m*/kg)10.000— 600 kPa

=10.35 kl/kg
hy = hy + Wy, = 670.38+10.35 = 680.73 ki/kg

1
()< Ho)
Wi = v5(Py — P PII
pll, 3(4 3) { 1K) j U
3

kPa-m

P, =10 MPa | hs =3375.1 kl/kg
Ts =500°C | sg =6.5995 kl/kg-K

P, =1.0 MPa

o s, }hé = 2783.8 kl/kg

P, =1.0 MPa | h; =3479.1 kl/kg
T, =500°C [s, =7.7642 kl/kg-K

P, = 0.6 MPa
58 = 37

} hs =3310.2 kJ/kg

So =S¢ 7.7642—0.7549
o 7.2522
hy =Ny + Xohgy =225.94+(0.9665)2372.3) = 2518.8 kl/kg

=0.9665

P, =15kPa | X =
Sg =S5

The fraction of steam extracted is determined from the steady-flow energy balance equation applied to the feedwater
heaters. Noting that Q =W = Ake = Ape =0,

E.in - E.out = AE O teady) =0 - Ein = E.out

system
where Y is the fraction of steam extracted from the turbine (= Mg /M5 ). Solving fory,

_hy—h, 670.38-226.53
he—h, 3310.2-226.53

y 0.144

(b) The thermal efficiency is determined from
Qi = (hs —hy)+(h; —hg)=(3375.1-680.73)+(3479.1-2783.8) = 3389.7 kl/kg
Qour = (1= y)hy —h, )= (1-0.1440)(2518.8 —225.94) =1962.7 ki/kg
Qow _, 1962.7ki/kg

and Ny =1- =1 =42.1%
Qin 3389.7 kl/kg
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