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1.1 RANKINE CYCLE

The Rankine cycle is a model used to predict the performance of steam turbine
systems. It was also used to study the performance of reciprocating steam engines. The
Rankine cycle is an idealized thermodynamic cycle of a heat engine that converts heat
into mechanical work while undergoing phase change. The heat is supplied externally to a
closed loop, which usually uses water as the working fluid. It is named after William John

Macquorn Rankine, a Scottish polymath and Glasgow University professor.

There are four processes in the Rankine cycle. These states are identified by numbers (in
brown) in the above T—s diagram.

Process 1-2: The working fluid is pumped from low to high pressure. As the fluid is a
liquid at this stage, the pump requires little input energy.

Process 2-3: The high-pressure liquid enters a boiler, where it is heated at constant
pressure by an external heat source to become a dry saturated vapour. The input energy
required can be easily calculated graphically, using an enthalpy—entropy chart (h—s chart,
or Mollier diagram), or numerically, using steam tables.

Process 3—4: The dry saturated vapour expands through a turbine, generating power. This
decreases the temperature and pressure of the vapour, and some condensation may occur.
The output in this process can be easily calculated using the chart or tables noted above.
Process 4-1: The wet vapour then enters a condenser, where it is condensed at a constant

pressure to become a saturated liquid.
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In an ideal Rankine cycle the pump and turbine would be isentropic, i.e., the pump and
turbine would generate no entropy and hence maximize the net work output. Processes 1—
2 and 3-4 would be represented by vertical lines on the T—s diagram and more closely
resemble that of the Carnot cycle. The Rankine cycle shown here prevents the vapor
ending up in the superheat region after the expansion in the turbine, ! which reduces the

energy removed by the condensers.
The actual vapor power cycle differs from the ideal Rankine cycle because of

irreversibilities in the inherent components caused by fluid friction and heat loss to the
surroundings; fluid friction causes pressure drops in the boiler, the condenser, and the
piping between the components, and as a result the steam leaves the boiler at a lower
pressure; heat loss reduces the net work output, thus heat addition to the steam in the

boiler is required to maintain the same level of net work output.
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IMPROVISATIONS OF RANKINE CYCLE

Rankine cycle efficiency can be improved by using the following three methods.
1. Reheating
2. Regeneration

3. Combined reheating and regeneration
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Reheat Rankine Cycle

In the reheat cycle, the steam is extracted from a suitable point in the turbine and it is

reheated with the help of flue gases in the boiler furnace.
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T-s diagram for reheat Rankine cycle

Figure 1.1.1 Rankine cycle
[Source: “power plant Engineering” by Anup Goel ,Laxmikant D.jathar,Siddu :3]

The purpose of a reheating cycle is to remove the moisture carried by the steam at the
final stages of the expansion process. In this variation, two turbines work in series. The

first accepts vapor from the boiler at high pressure

After the vapor has passed through the first turbine, it re-enters the boiler and is

reheated before passing through a second, lower- pressure, turbine. The reheat

MES8792 POWER PLANT ENGINEERING


http://learnengineering.in/

ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY
temperatures are very close or equal to the inlet temperatures, whereas the optimal

reheat pressure needed is only one fourth of the original boiler pressure.

Among other advantages, this prevents the vapor from condensing during its
expansion and thereby reducing the damage in the turbine blades, and improves the
efficiency of the cycle, because more of the heat flow into the cycle occurs at higher

temperature.

The reheat cycle was first introduced in the 1920s, but was not operational for long due
to technical difficulties. In the 1940s, it was reintroduced with the increasing
manufacture of high-pressure boilers, and eventually double reheating was introduced

in the 1950s. The idea behind double reheating is to increase the average temperature.

It was observed that more than two stages of reheating are unnecessary, since the next
stage increases the cycle efficiency only half as much as the preceding stage. Today,
double reheating is commonly used in power plants that operate under supercritical

pressure.
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REGENERATIVE CYCLE
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Figure 1.1.2 Regenerative cycle
[Source: “power plant Engineering ” by Anup Goel ,Laxmikant D.jathar,Siddu :8]

SINGLE STAGE REGENERATIVE RANKINE CYCLE

The regenerative Rankine cycle is so named because after emerging from the condenser
(possibly as a sub cooled liquid) the working fluid is heated by steam tapped from the
hot portion of the cycle. On the diagram shown, the fluid at 2 is mixed with the fluid at
4 (both at the same pressure) to end up with the saturated liquid at 7. This is called
"direct-contact heating”. The Regenerative Rankine cycle (with minor variants) is

commonly used in real power stations.

Another variation sends bleed steam from between turbine stages to feedwater heaters
to preheat the water on its way from the condenser to the boiler. These heaters do not
mix the input steam and condensate, function as an ordinary tubular heat exchanger, and

are named "closed feedwater heaters".

Regeneration increases the cycle heat input temperature by eliminating the addition of
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heat from the boiler/fuel source at the relatively low feed water temperatures that would
exist without regenerative feed water heating. This improves the efficiency of the cycle,

as more of the heat flow into the cycle occurs at higher temperature.
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Figure 1.1.3 T-S Diagram of Regenerative cycle
[Source: “power plant Engineering” 5y Anup Goel ,Laxmikant D.jathar,Siddu :8]
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