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Determine the efficiency of a Rankine cycle using steam as the working fluid in which the
condenser pressure is 10 kPa. The boiler pressure is 2 MPa. The steam leaves the boiler
as saturated vapor.

In solving Rankine-cycle problems, we let w, denote the work into the pump per
kilogram of fluid flowing and g; denote the heat rejected from the working fluid per
kilogram of fluid flowing.

To solve this problem we consider, in succession, a control surface around the pump,
the boiler, the turbine, and the condenser. For each, the thermodynamic model is the steam
tables, and the process is steady state with negligible changes in kinetic and potential
energies. First, consider the pump:



Control volume: Pump.
Inlet state: P known, saturated liquid; state fixed.
Exit state: P> known.

Analysis
Energy Eq.: w, =/ —
Entropy Eq.: s = s
and so
2
l‘r]'g — 1 = f vdP
1
Solution

Assuming the liquid to be incompressible, we have

w, = v(P, — B) = (0.00101)(2000 — 10) = 2.0 kl/kg
hy = hy + w,=191.8+ 2.0 = 193.8 kl/kg



Now consider the boiler:

Control volume: Boiler.
Inlet state: P>, i known; state fixed.
Exit state:  P; known, saturated vapor; state fixed.

Analysis
EnergyEq.: gu=hs— I
Solution

Substituting, we obtain

g = 3 — 2 = 2799.5 — 193.8 = 2605.7 k]/kg

Turning to the turbine next, we have:

Controf volume: Turbine.
Inlet state:  State 3 known (above).

Exit state: Py known.



Turning to the turbine next, we have:

Control volume:  Turbine.
Inlet state:  State 3 known (above).
Exit state: Py known.

Analysis
Energy Eq.: w; = 13 — hy
Entropy Eq.: s3 = 5
Solution
We can determine the quality at state 4 as follows:
53 = 5; = 6.3409 = 0.6493 + x,7.5009, xy; = 0.7588

hy = 191.8 + 0.7588(2392.8) = 2007.5 k]/kg
w, = 2799.5 — 2007.5 = T92.0 kl/kg



Finally, we consider the condenser.
Control volume: Condenser.
Inlet state:  State 4 known (as given).
Exit state: ~ State 1 known (as given).
Analysis
EnergyEq.: g =M — M
Solution
Substituting, we obtain
gr. = hy — = 2007.5 — 191.8 = 1815.7T kl/kg
We can now calculate the thermal efficiency:
Wnet Qu—qr Wwe—wp 192.0-2.0
an  gm  gm 26057

= 30.3%

Nth =



We could also write an expression for thermal efficiency in terms of properties at various
points in the cycle:

(b3 —ho) — (ha — ) (B3 — ha) — (B2 — )
= hs — Iy - hs — I,
B 2605.7 — 1815.7 B 792.0-2.0

2605.7 - 2605.7

= 30.3%
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FIGURE 11.4 Effect l
of exhaust pressure on |
Rankine-cycle efficiency. b 5
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FIGURE 11.5 Effect

of superheating on

Rankine-cycle efficiency.
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In a Rankine cycle, steam leaves the boiler and enters the turbine at 4 MPa and 400°C.

The condenser pressure is 10 kPa. Determine the cycle efficiency.

To determine the cycle efficiency, we must calculate the turbine work, the pump
work, and the heat transfer to the steam in the boiler. We do this by considering a control
surface around each of these components in turn. In each case the thermodynamic model
is the steam tables, and the process is steady state with negligible changes in kinetic and

potential energies.



Control volume:  Pump.

Inlet state: Py known, saturated liquid; state fixed.
Exit state: P> known.

Analysis
Energy Eq.. w, =/ — I
Entropy Eq.: s = 5

Since 5 = 5,

2
f, — Iy :f vdP=vi — B)
1
Solution
Substituting, we obtain
W, = v(F — A) = (0.00101)(4000 — 10) = 4.0 k]/kg

h = 191.8 kJ/kg
hy = 191.8 + 4.0 = 195.8 K]/kg



For the turbine we have:

Control volume: Turbine.
Inlet state:  P,, T4 known; state fixed.
Exit state: Py known.
Analysis
Energy Eq.:  w; = h3 — hy
Entropy Eq.: 51 = 53
Solution

Upon substitution we get

h; = 3213.6 k]/kg, 53 = 6.7690 kJ/kg K
53 = 51 = 6.7690 = 0.6493 + x,47.5009, x; = 0.8159
hy = 191.8 + 0.8159(2392.8) = 2144.1 k]/kg
w, = 13 — hy = 3213.6 — 2144.1 = 1069.5 k]/kg
Wnete = Wy — W, = 1069.5 — 4.0 = 1065.5 k]/kg



Finally, for the boiler we have:

Control volume: Boiler.
Inlet state:  F;, l known; state fixed.
Exit state:  State 3 fixed (as given).

Analysis
Energy Eq.: gy =h— I

Solution

Substituting gives
gy = hy — by = 3213.6 — 195.8 = 3017.8 k]/kg

Wnee  1065.5

M= gy T 30178

The net work could also be determined by calculating the heat rejected in the condenser,
gr, and noting, from the first law, that the net work for the cycle is equal to the net heat

= 35.3%

transfer. Considering a control surface around the condenser, we have
gr = hy — hy = 2144.1 — 191.8 = 1952.3 kl/kg

Therefore,
Wpet = G — qr = 3017.8 — 1952.3 = 1065.5 k]/kg



