10-55

10-57 A Rankine steam cycle modified with two closed feedwater heaters is considered. The 7-s diagram for the ideal cycle
is to be sketched. The fraction of mass extracted for the closed feedwater heater z and the cooling water flow rate are to be
determined. Also, the net power output and the thermal efficiency of the plant are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.
Analysis (b) Using the data from the problem statement, the enthalpies at various states are

hy =hy @20k =251 kl/kg
Vi =V @a0kpa =0.00102 m’/kg 5 MPa

WpI,in:VI(PZ_PI) Lk
~(0.00102 m*/kg)(5000 - 20 kPa{—] T

1kPa-m?
=5.1kJ/kg
hy =hy + w1, =251+5.1=256.1kJ/kg

1.4 MPa

plin 245 kPa

Also,
h3 = hll = hf @245kPa :533 kJ/kg
hy, =h;, (throttle valve operation)
hy =hy =h; @1a00kpa = 830kI/kg
hyo =hy (throttle valve operation)

20 kPa

An energy balance on the closed feedwater heater gives
1hy + zhy + yhyo =1k + (¥ + 2y
where z is the fraction of steam extracted from the low-pressure turbine. Solving for z,
hy —h hi,—h —256. . -
(hy —hy) + y(hyy — hyg) _ (533-256.1) +(0.1446)(533 - 830) ~0.09810

Z =
hy —hyy 2918 -533
(c) An energy balance on the condenser gives
mghg + b,y +myahyy = by +myh,,

M, (hyy = hyy) = mghg +myyhyy —myhy
Solving for the mass flow rate of cooling water, and substituting with correct units,
_rins[(1— y = 2)hg + (v + Dhyy — 1]
¢ ,wAT,,
_ (75)[(1 —0.1446 — 0.09810)(2477) + (0.1446 + 0.09810)(533) — 1(25 1)]
- (4.18)(10)

w

=3147kg/s
(d) The work output from the turbines is
Wrout = hs = Yhg —2hy = (1= y = 2)hg
=3900 — (0.1446)(3406) — (0.09810)(2918) — (1 — 0.1446 — 0.09810)(2477)
=1245.4kl/kg
The net work output from the cycle is
Whet =Wrout ~ Wp,in
=1245.4-5.1=1240.3kJ/kg
The net power output is
W, o = riw, o = (75kg/s)(1240.3kJ/kg) = 93,024 kW = 93.0MW
The rate of heat input in the boiler is
Q,, = n(hs — hy) = (75 kg/s)(3900 — 830) kl/kg = 230,250 kW
The thermal efficiency is then
Woe 93,024 kW

not =0.404=40.4%
0, 230250kW

Mn =
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10-65

10-69 A cogeneration plant is to generate power and process heat. Part of the steam extracted from the turbine at a relatively
high pressure is used for process heating. The net power produced and the utilization factor of the plant 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),

h =h¢@iokpa =191.81kl/kg

VI =V @ 10kpa =0.00101 m’/kg |

WpLin = Y1 (Pz - Pl) Boiler
3 1kJ
:(0.00101 m /nglZOO—lO kPa) ———
1 kPa-m?®
=1.20 kl/kg
hy =hy +wy;, =191.81+1.20=193.01kJ/kg 5 Process

heater
Condenser

Mixing chamber: 3y
1
o e o (o)
Ei —Egy = AEsystem Gready) 0 >Eyy = Egy @ 4| I_—I

D rivhy = b, ——> sivyhy = tiyhy + iy

_ tighy +ringhy _ (22.50)192.41)+(7.50)(798.33)
Iy 30

V4 ZVp @ n,3a43ak0ke = 0-001031 mP/kg

or, hy =344.34 kl/kg

WplLin :V4(P5 —P4)
3 1kJ
=(0.001031 m /ng4000—1200 kPa) ———
1kPa-m?
=2.89 kl/kg
hs =hy + w5, =344.34 +2.89=347.22 kl/kg

Py =4 MPa | hy =3446.0 ki/kg
T, =500°C |54 =7.0922 kl/kg-K

P, =12 MPa
S7 :S6

}h7 =3080.4 kl/kg

Sg — 8¢ -

8 =87 _7.0922-06492 oo
S fo 7.4996 s

hg =h; +xghg, =191.81+(0.8591)2392.1)=2246.9 ki/kg

P; =10kPa | xg =
SS :S6

Then,
WT,out =g (hé —hy )+ g (h7 - hs)
= (55 kg/s)(3446.0 — 3080.4)kJ/kg + (0.75x 55 kg/s {3080.4 — 2246.9)k)/kg = 54,494 kW

Wyin =1y Worin + 1itgwonin = (0.75x 55 kg/s)1.20 ki/kg) + (55 kg/s)2.89 k/kg) = 208.3 kW

W,

net

Also,  Opmocess =117 (1 — hy)=(0.25x 55 kg/s)(3080.4 — 798.33) kl/kg = 31,379 kW

=Wy gut — Wpin = 54,494 — 208.3 = 54,285 kW

O, =115 (hs —hs)=(55 kg/s)3446.0 — 347.22) =170,435 kW

W, +C
and g, =—" Opocess 54285431379 576 50.3%

0., 170,435
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10-68
10-72 A cogeneration plant modified with regeneration is to generate power and process heat. The mass flow rate of steam
through the boiler for a net power output of 25 MW is 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),

hy =hy @ rokpa =191.81kI/kg | 6 Vv

Y =V @1okpa =0.00101 m’/kg Boiler Turbine
7

Wpl,in :VI(PZ _Pl) i
= (0.00101 m3/ng16oo -10 kPa{iJ -

1kPa-m?®
=1.61kl/kg 5 Process
heater

Condense

hy = hy + Wy, =191.81+ 1.61=193.41 kJ/kg ol
4 3

1
Vs =V @16mpa =0.001159 m*/kg e— fwh +@
2

WpH,in :V4(P5 _P4)
){ 1kJ J

= (0.001 159 m3/ng9000 — 400 kPa ;
1 kPa-m

=8.57 kl/kg
hs =hy + Wy, =858.44 +8.57 =867.02 kl/kg

Py =9 MPa | hy =3118.8 ki/kg
T, =400°C | 5, =6.2876 ki/kg-K

—S; _ 6.2876-2.3435
S e 4.0765
hy =h; +x.hp, =858.44+(0.9675)1934.4)=2730.0 kl/kg

Sy =S; _ 6.2876—0.6492
S e 7.4996
hg =h, +xghg, =191.81+(0.7518)2392.1)=1990.2 ki/kg

=0.9675

S7
P, =1.6 MPa | x; =
§7 =8¢

P, =10 kPa }XSZ =0.7518 s

SS :S6

Then, per kg of steam flowing through the boiler, we have

WT,out = (hﬁ - h7)+ (- )’)(h7 - hs)
=(3118.8—2730.0) kJ/kg + (1 - 0.35)(2730.0 —1990.2) kJ/kg
=869.7 ki/kg

Wpin = (- y)wp[,in + WolLin
=(1-0.35)1.61kJ/kg)+ (8.57 ki/kg)
=9.62kJ/kg

Waet = Wrout = Wpin =869.7 —9.62 =860.1 kl/kg

Thus,

o= Vo _ 25.000KIIs g 11 e
Woe  860.1kI/kg
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