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A Rankine cycle operating with ammonia is heated by some low temperature

source so the highest T is 120°C at a pressure of 5000 kPa. Its low pressure is
1003 kPa and it operates with one open feedwater heater at 2033 kPa. The total
flow rate is 5 kg/s. Find the extraction flow rate to the feedwater heater assuming
its outlet state is saturated liquid at 2033 kPa. Find the total power to the two

pumps.

5 MPa

2.03 MPa

State 1: x, =0, h, =298.25 kl/kg, v, = 0.001658 m*/kg

State 3: x3=0, hy =421.48 k/kg, v; = 0.001777 m>/kg
State 5: hs =421.48 kJ/kg, ss = 4.7306 kl/kg K

State 6: s =85 => Xg=(Sg—Sg)/sgy =0.99052, hg=1461.53 kl/kg
C.VPump Pl
wp; =h, -h; =v (P, -P;)=0.001658(2033 - 1003) = 1.708 kl/kg
=> h, =h; +wp; =298.25 + 1.708 = 299.96 kl/kg

C.V. Feedwater heater: Call rh6 / rhwt =X (the extraction fraction)
Energy Eq.: (1 -x)hy,+xhg=1h;

Chy-hy 762,79 -189.42
X Thg-h, 3640.6-189.42

=0.1046

m,, =X my = 0.1046 x 5 = 0.523 kg/s
m; = (1-x) my, = (1 — 0.1046) 5 = 4.477 kg/s
C.V Pump P2

Total pump work
W, = m wp; + My Wpy = 4.477 x 1.708 + 5 x 5.272 = 34 kKW


a
Typewritten Text
جلسه اول کلاس حل تمرین درس ترمودینامیک 
منبع: کتاب ون وایلن

a
Typewritten Text


11.61
In a particular reheat-cycle power plant, steam enters the high-pressure turbine at
5 MPa, 450°C and expands to 0.5 MPa, after which it is reheated to 450°C. The
steam is then expanded through the low-pressure turbine to 7.5 kPa. Liquid water
leaves the condenser at 30°C, is pumped to 5 MPa, and then returned to the steam
generator. Each turbine is adiabatic with an isentropic efficiency of 87% and the
pump efficiency is 82%. If the total power output of the turbines is 10 MW,
determine the mass flow rate of steam, the pump power input and the thermal
efficiency of the power plant.

5 MPa

LP
<§ 3 HP TURBINE.

S __@
nSP= 0.82
a) 45 =53 = 6.8185 = 1.8606 + x,q x 4.9606  =>

hyg = 640.21 + 0.999 x 2108.5 = 2746.6 kl/kg

wrys = hy - hyg = 3316.1 - 2746.6 = 569.5 kl/kg

Wi = Trps X Wrpg = 0.87 x 569.5 = 495.5 kl/kg

hgae = 3316.1 - 495.5 = 2820.6 kl/kg

Ses = S5 = 7.9406 = 0.5764 + x45 x 7.675 = x4 ="0.9595

heg = 168.79 + 0.9595 x 2406 = 2477.3 kl/kg
WTZ,S = h5 - h6S =3377.9 -2477.3=900.6 kJ/kg

Wy = 0.87 x 900.6 = 783.5 kl/kg

m = W/(wr; + wry) = 10000/(783.5 + 495.5) = 7.82 kg/s
b) -Wp s = (0.001004)(5000 - 7.5) = 5.01 k/kg
-Wp = -Wgp/Ngp = 5.01/0.82 = 6.11 kl/kg
Wp = wpth = -7.82 x 6.11 = -47.8 kKW
¢)  qy=(hsy-hy) +(hs-hy)=3316.1-130.2+3377.9 - 2820.6 = 3743.2 kl/kg
wy =1279.0 - 6.11 = 1272.9 kl/kg
Ny = W/ = 1272.9/3743.2 = 0.34





