Figure1 Schematic of a pressurised water reactor
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The Rankine Cycle
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The Rankine Cycle
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1** Law applied to the condenser:

Thermal efficiency of the power cycle:

Ideal Rankine Cycle

Process 1 —2s:  isentropic expansion of the working fluid from saturated vapor through the turbine

Process 2s —3:  heat transfer from the working fluid as it flows at constant pressure through the condenser
to a saturated liquid state

Process 3 —4s:  isentropic compression of the working fluid in the pump in the compressed liquid region

Process 4s—1:  heat transfer to the working fluid as it flows at constant pressure through the boiler
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Notes
1. The thermal efficiency of the power cycle increases as the average temperature at which the heat is
added in the boiler increases and the average temperature (or pressure) at which the heat is rejected in
the condenser decreases.
a. A Camot cycle has a larger thermal efficiency than an ideal Rankine cycle since the average
temperature at which heat is added in the boiler is smaller for the Rankine cycle due to the path
from 4s-a-1.

D4s = pa = pa=p1 = constant

Pp2s = p2 = p3 = constant < p4
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Carnot cycle: 1-2s-3C-a
Ideal Rankine cycle: 1-2s-3-4s-1

b. Increasing the average temperature at which heat is added may be achieved by increasing the
boiler pressure or by moving State | into a SHV phase. Increasing the boiler pressure can be
costly due to the increased stress on the pipe system; however, moving State 1 into a SHV phase is
relatively easy. Moving into the SHV region is known as a Rankine Cycle with Superheat.

c. The lowest possible condenser temperature/pressure corresponds to just larger than the conditions
of the surroundings since this is the where the heat is being rejected. (Recall that heat is
transferred from a hotter object to a colder one.)



