10-95

10-90 A combined gas-steam power plant is considered. The topping cycle is a gas-turbine cycle and the bottoming
cycle is a nonideal reheat Rankine cycle. The moisture percentage at the exit of the low-pressure turbine, the steam
temperature at the inlet of the high-pressure turbine, and the thermal efficiency of the combined cycle are to be

determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible. 3 Air is an ideal gas

with variable specific heats.

Analysis (a) We obtain the air properties from EES. The analysis of gas cycle is as follows

T, =15°C——h,; =288.50 kJ/kg

T. —15°C Combustion
T s, =5.6648 ki/kg . chamber
P, =100 kPa 9
P, =700 kPa
5 }hgs =503.47 kl/kg Compressor
Sg =Sy
hgs —h 7
Ule :ﬁ——’hgzh7+(hss—h7)/77c 10
8707 =290.16 +(503.47 - 290.16)/(0.80) | Heat
=557.21kl/kg exchanger ——
Ty =950°C ——> hy =1304.8 kl/kg
T, =950°C
So = 6.6456 kJ/kg
P, =700 kPa
P,y =100 kPa
hyos = 763.79 kl/kg
S10 = 39 1,
— ﬂ hin = he — (h _h )
77T—h “h — > Ny =Ny =777 \Ng —Nygs
o~ Tos =1304.8—(0.80)(1304.8-763.79)
=871.98 ki/kg
T,; =200°C—> h,, = 475.62 kl/kg T
o |- 9
From the steam tables (Tables A-4, A-5, and A-6 950°C
or from EES),
My =N @ 10wpa =191.81 ki/kg
VI =V¢ @10 kpa =0.00101 m’/kg
Wpl,in = UI(PZ - Pl)/np
= (o 00101 m3/ng6ooo _10kPa) —=<L__1/0.80
) 1kPa-m3 | 1 MPa
=7.56 kl/kg s
hy =h +w,;, =191.81+7.65=199.37 ki/kg
Ps =1 MPa) hs =3264.5 kl/kg lsoc o CYCLE 4s
Ts =400°C| s5 =7.4670 kl/kg-K 10 kPa
Qout

Ps =10 kPa

Ses = Ss

=0.9091

o _Ses =St _74670-0.6492
} ©T sq 7.4996

hes =N¢ +Xgeshgg =191.81+(0.9091)2392.1) = 2366.4 kJ/kg
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hs —h
Uay :ﬁ —— hg =hs =77 (hs —hg, )
5~ es =3264.5—(0.80)3264.5-2366.4)
=2546.0 kl/kg
P, =10 kPa ~
hs = 2546.5 kJ/kg}X(’ = 09842

Moisture Percentage =1- X, =1-0.9842 =0.0158 =1.6%
(b) Noting that Q =W = Ake = Ape = 0 for the heat exchanger, the steady-flow energy balance equation yields
E.in = E.out
Z mih; = z Mehe
Mg (hy —h, )+mg(hs —hy)=my (h, —h;)
a .15)[(3346.5 -199.37)+(3264.5-h, )] =(10)(871.98 —475.62) —— h, =2965.0 kl/kg

Also,
P, =6MPa | h; = P, =1MPa h -
T, =2 Sy = S4s = S3 s
h,; —h
Uas :3—4——>h4:h3—77T(h3_h4s)
h3_h4s

The temperature at the inlet of the high-pressure turbine may be obtained by a trial-error approach or using EES from the
above relations. The answer is T; = 468.0°C. Then, the enthalpy at state 3 becomes: h; = 3346.5 kJ/kg

(©) Wi gos = Myir (g =y )= (10 ke/s)(1304.8 — 871.98) ki/kg = 4328 kW
We gos = My (Ng =y )= (10 ke/s)(557.21 — 288.50) kl/kg = 2687 kW

W =W g0 — Wi gy =4328 — 2687 =1641kW

net,gas

Wit geam = My (N =y +hs —h )= (1.15 kg/s(3346.5 — 2965.0 + 3264.5 — 2546.0) ki /kg = 1265 kW

W eam = MWoump = (1.15 kg/s(7.564) ki/kg = 8.7 kW

s Wpump —

Wnet,steam = WT,steam _WP,steam =1265-8.7=1256 kW

Wnet,plant =Wnet,gas +Wnet,steam = 1641 + 1256 = 2897 kW

(d) Q,, =y, (hy —hg)=(10 kg/s)1304.8 — 557.21) ki/kg = 7476 kW

Wnet,plant _ 2897 kW

= =0.388 = 38.8%
Q,  7T476kW

N =
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