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10-60 A steam power plant that operates on an ideal regenerative Rankine cycle with a closed feedwater heater is
considered. The temperature of the steam at the inlet of the closed feedwater heater, the mass flow rate of the steam
extracted from the turbine for the closed feedwater heater, 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),

hl = hf@ 20 kPa = 25142 k\]/kg
High-P

Wolin =u (P, - Pl)/ﬁp |
— (0001017 m3/kg)(8000— 20 kPa)ﬁ
=9.22 k/kg ' |

hy =hy +Wp in

Boiler

=251.42+9.223 4 L
= 260.65 kJ/kg Cham.

P, =1 MPa hy =h¢g1mpa = 762.51 kJ/kg 11
sat. liquid | v; =v g pa =0.001127 m3/kg 0

Wit in = Vs(Pll - Ps)/Up
= (0.001127 m3/kg)(8000 — 1000 kPa)/0.88
=8.97 ki/kg
hyy =y + Wy i = 762.51+8.97 = 771.48 ki/kg

Also, hy = hyg = hyy = 771.48 kJ/kg since the two fluid streams which are being mixed have the same enthalpy.
P; =8 MPa | hy =3399.5 kJ/kg
T5 =500°C | s5 =6.7266 ki/kg - K
Ps =3 MPa
hgs =3104.7 k/kg
SG = 55
h5 B h6
h5 - hﬁs

—> hg=hg —77T(h5 —hes)
=3399.5 - (0.88)(3399.5 — 3104.7) = 3140.1 k/kg

=

P, =3 MPa }h7 =3457.2 kl/kg

T, =500°C |5, =7.2359 k/kg - K
P; =1 MPa
hes =3117.1 kJ/kg

58 = S7

h, —h
= h7—h8 ——> hg=h; 77 (h; —hg, )

e —3457.2 - (0.88)(3457.2 — 3117.1)= 3157.9 ki/kg
P; =1 MPa

Tg =349.9°C
hg =3157.9 ki/kg
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P, =20 kPa
hos = 2385.2 k/kg
59257
h, —h
’7T=h7 hg —>h9=h7—77T(h7—h95)
7 — 'os

—3457.2 — (0.88)(3457.2 — 2385.2) = 2513.9 k/kg

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

(L y)hyy —h, )= y(hg —h;)
(1— y)(771.48 — 260.65) = y(3157.9 — 762.51) — > y = 0.1758
The corresponding mass flow rate is
Mg = yms = (0.1758)(15 kg/s) = 2.637 kg/s
(c) Then,

Qin =g —hy +h; —hg =3399.5— 771.48 + 3457.2 — 3140.1= 2945.2 ki/kg
out = (L— y)hg —hy)=(1-0.1758)(2513.9 - 251.42) =1864.8 ki/kg

and

W, = M(Qiy — Goue) = (15 kg/s)(2945.8 —1864.8)kI/kg = 16,206 kW
(b) The thermal efficiency is determined from

Qou _, 18648KIkg _ . 3500 36,706
i 20458 ki/kg

N =1-
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