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Steam at 40 bar, 500 °C flowing at the rate of 5500 kg/h expands jy,
a h p. turbme to 2 bar with an isentropic efficiency of 83%. A continuous supply of
‘steam at 2 bar, 0.87 quality and a flow rate of 2700 kg/h is available from ,
geothermal energy source. This steam is mixed adiabatically with the h.p. turblne
“exhaust steam and the combined flow then expands in a L.p. turbine to 0.1 bar wig,
'-an isentropic efficiency of 78%. Determinc the power output and the thermy
efficiency of the plant. Assume that 5500 kg/h of steam is generated in the boiler 4
40 bar, 500 °C from the saturated feedwater at 0.1 bar.
" Had the geothermal steam not been added, what would have been the power

flo,}ltput and efficiency of the plant? Neglect pump work.

fSth_tion With reference to F1g B2 ]vcnts
Lt hy = 34453 kJ/kg, 51 = 7 0901 kJ/kg K" 1 5301 +x23 X 5 5970

55600
-","2? 55970 09934

= 5047+ 0. 9934 X 2201 9= 2692 04 kJ/kg K.
hy—hy= 0. 83(3445 3 2692 04) 625, 21 kJ/kg '
T hEBAAs 3 625 21 =2820.09 kJ/kg
g = 504.7+0.87 x 2201 9 2420 4 kJ/kg
“"2700113 + ssooh2 (2700 + 5500)h4 s
e 7._ 2700>< 2420 4+ ssoo X 2820 09 796 96 + 1891 52
o 8200 T
e 2688 48 kJ/kg L

5 40bar,500 G bap e
S 8500 kg/h@- i)

_' @F s
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Wlthout geothermal heat supply

hy= 5047+x4x22019 268848 X = 218378
22019
= 1.5301 +0.9917 x 5.5970 = 7.080¢ kkg-K

= 55, = 0.6493 txs %7, 5009

=0.8574; g =191.84 +0.8574 % 2392 § — 2243.44 kJ/kg
h4— hs = (.78(2688. 48 2243.44)=347.1kl/kg
he=191.83 kl/kg

W = 55000~ hy) +8200 (h, - hg) = 5500 x 625, 21 + 8200 x 147.1
= 6284875 kI/h=17458kW  (dns) .

=0.9917

0, = 5500(/;- hg) = 5500 (3445.3 — 191.8) x 56_106 = 4970.63 kW
, 1745.8
¥l 4970.63

=0.353 or 35.3%

0O, = 5500 (h, — h;) =4970.63 kW
95518

_ = 0.1 1922%  (dns)
ncycle_ 4970.63 0.1922 or 270 ( )
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-ile?:’wj In a cogeneration plant, the power load

L i : 18 5.6 MW and the hl tin
4 is 1.163 MW. Steam is generated at 40 bar and 500 °C and is ex ea;ln i
0 through a turbine xpande

. ically o a condenser
isentrop1€aily’ : S enser at 0.06 bar. The
heating load is supplied by extracting steam from the turbine at 2 bar, which

- condensed in the process heater to saturated liquid at 2 bar and then pumped

vack to the bo[l.el'. Compute (a-) th? steam generation capacity of the boiler in
/., (b) the heat input -tf) the boiler in kW, (c) the fuel burﬂing rate of the boiler
o t/h if a coal of callorlﬁc value 25 MJ/kg is burned and the boiler efficiency is
88%, (d) the heat rejected to the condenser, () the rate of flow of coolfng water
in the condenser if the temperature rise of water is 6°C. Neglect pump work.

Solution  With reference to F'ig.' E28,.
hy=34453kl/kg, s, =7.0001=s,=5,
i 5.56

7.0901 = 1.5301 +%X5.5970. % or 5= 200 1 gl
. i 500 °C
i /40 bar Y s
Ay wg.
Wy |
w - 2 | ;
2 bar Yy \Ws— W
Wg— W '
< ™~
0.06bar 3

// ik . G it
7 Fig.E2.8
hy = h, =2706.7 kI/kg, hy— hs=hg, = 22019 kl/kg
If w is the rate of steam extraction for process heating, . '
w(hy— he) = 1.163 x 10°

1163 % 10°

_ — 0.528 ke/s = 19014 ke/t
W i722019 ¢/ A kg
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1= 7.0001 = s;+ x3 8 = 0.52 + X3 X 7.815

1, = (.84
h. = 149,70 + 0.84 x 2416 = 2180.59 kJ/kg

Total work output, Wy = w(hy — hy) + (wg— W) (hy—13)

5.6 % 10% = w, X 738.6 + w, x 526.11 - 277.8
5877.8 ,
W= Tooro = 4648 kg/s = 16731 kg/h=16.73th  Ans.(y)
b= 504.7 + 1.061 x 107 (40 — 2) x 100 = 508.73 kl/kg
his = 149.79 + 1.006 % 100 x 40 X 1072 =153.8 ki/kg

Q, = (wg—w) (hy—hs) + w(h,— hy)
= (4.648 — 0.528) (34453 - 153.8) + 0.528 (3445.3 — 508.73)

— 4.120 x 3291.5 + 0.528 X 2936.57 = 15111.5 kJ/s
= 15.111 MW Ans.(b)

g o) _ 15111
i w; XxC. V. wp X 25

we=0.687 kg/s =2473.2kg/h=2473th  Ans.(c)
0, = (w,—w) (h;—hy) =4.12 X 2030.8 = 8367 kW
= 8367TMW  Ans. (d) ' | |

| A w, = water flow rate in the condenser,

92 = H’C Cp(tz"' tl) 7

=088

8367
W, = ——— =333.05 kg/s = 0.333 m’ :
™ 333.05 kg/s =0.333 m’/s  Ans. (e)
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