Problem: 9-21

Given: Simple Rankine cycle with saturated liquid at 0.007 M Pa at pump inlet.
Saturated vapour at 3 M Pa at turbine inlet
Pump efficiency: 60%
Turbine efficiency: 80%

Find: The overall thermal efficiency

Assume: Incompressible at state 1
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From steam tables:

hy = 162.7 kJ/kg
v, = 0.001007 m?/kg

hos = hy+v(P— Pp)
Wps = hos — hy
= v(Ph—P)
= (0.001007 m?/kg)(3000 — 7) kN /m?

= 3.01 kJ/kg
wps  3.01 kJ/kg
= = —=5.02kJ/k
wp s 0.6 / g

hy = hy+w, =162.74+5.02 = 167.7 kJ/kg
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From steam tables
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consider isotropic case

find quality

2804.1 kJ/kg
6.1878 kJ/kg - K
hy — hy = 2904.1 — 167.7 = 2636.4 k.J/kg

S4s =

by =

from quality hys = 1919.4 kJ/kg

S
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Overall

S4s — Sf4s

s3 =06.1878 kJ/kg - K
0.007 M Pa

= 0.729

Sgas — Sfas

hy — has = 2304.1 — 1919.4 = 884.7 kJ/kg
nsWr, = 0.8(884.7) = 707.8 k.J/kg

nr

wr — Wy
4B

707.8 — 5.02
2636.4

= [26.7%]



