10-102

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.
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(@) From the steam tables (Tables A-4, A-5, and A-6),

h] :hf@IOkPa :19181kJ/kg

Wolin = VI(PZ _R)/np
~(0.00101m/kg|500-10 kPa{lllj/(O.%)

kPa-m’
=0.52kJ/kg
hy =h+ Wholin = 191.81+0.52=19233kJ/kg

satliquid V3 =V @05 mpa = 0001093 m’/kg

WolLin = V3 (P4 - P3)/np
= (0.001093 m3/ng10,ooo 500 kpa{&}]/(o.%)

1 kPa-m
=10.93 kJ/kg
hy =hy+ WolLin = 640.09 +10.93 = 651.02 kl/kg

P, =10 MPa }hs =3375.1kl/kg

Ty =500°C [ 54 =6.5995 kl/kg - K
Sege — S 7 —
xp = So TS _6.5995-18604 o 0
b 0.5 MPa S 4.9603
6s = hes =hp +xg.h 4, =640.09 +(0.9554)2108.0)
Ses =S 6s f 65" fg
: =2654.1k)/kg
hs —h
Ir = hs_hé — hg = hs —77T(h5 _hes)
5~ Mes =3375.1-(0.80)3375.1-2654.1)

=2798.3 kl/kg
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S7s =Sy 6.5995-0.6492

Xoy = =0.7934
P —10KPa S fe 7.4996
SZS .. }h7s =h; +x5.h =191.81+(0.7934)(2392.1)
' =2089.7 kJ/kg

hs —h
nr :#—_) hy = hs —’77(h5 _h7s)

s =M =3375.1-(0.80)(3375.1-2089.7)

=2346.8 kl/kg

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,
Ein - Eout = AE‘vsysteméjo (sready) =0
Ein = Eout
Zmihi = Zmehe ——> tiighg + ity hy = rityhy ——> yhe + (1= y)hy =1(h;)

where y is the fraction of steam extracted from the turbine (=11 / 713 ). Solving for y,

hy —h,  640.09 -192.33

= =0.1718
he —h, 2798.3-192.33

y:

Then, ¢y, = hs—hy =3375.1-651.02 = 2724.1 k/kg
Gout = (1= )y — 1) = (1-0.1718)(2346.8 —191.81) = 1784.7 kJ/kg
Waet = Gin — Gour = 2724.1-1784.7 = 939.4 kl/kg

and

W 150,000 kJ/s
939.4 ki/kg

=159.7 kg/s

Whet

(b) The thermal efficiency is determined from

Gout 1784.7 kl/kg
My =1-—"%=1- >
2724.1kl/kg

in

34.5%

Also,

P, =0.5 MPa

s = 6.9453 kl/kg - K
hs = 2798.3 kl/kg

$3 =57 @05 mpa = 1.8604 kl/kg-K
Sy =8 =S;giokea = 0.6492 kl/kg-K

Then the irreversibility (or exergy destruction) associated with this regeneration process is

J0
iregen :Tosgen :TO[Zmese _Zmisi +% ]:TO[S3 —JVSe _(l_y)SZ]

=(303 K)[1.8604 - (0.1718)6.9453)—(1-0.1718)(0.6492)]
=39.25 kJ/kg
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