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Steam Cycles-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.

➢ It is an idealized cycle in which friction losses in each of the four components are neglected.

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.

https://en.wikipedia.org/wiki/Steam_turbine
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Heat_engine
https://en.wikipedia.org/wiki/Working_fluid
https://en.wikipedia.org/wiki/William_John_Macquorn_Rankine
https://en.wikipedia.org/wiki/Polymath
https://en.wikipedia.org/wiki/Glasgow_University
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Steam Cycles-Rankine Cycle

➢ Rankine cycle is the idealized cycle for steam power plants. This cycle is shown on T-s,

diagram in the below figure. It consists of following processes:
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Steam Cycles-Rankine Cycle

➢ Process 1-2: Reversible adiabatic expansion of

steam in the steam turbine.

➢ Process 2-3: Constant pressure heat rejection in

the condenser to convert condensate into water.

➢ Process 3-4: Water from the condenser at low

pressure is pumped into the boiler at high

pressure. This process is reversible adiabatic.

➢ Process 4-1: Water is converted into steam at

constant pressure by the addition of heat in the

boiler.

𝑊12 = ℎ1 − ℎ2

𝑄23 = ℎ2 − ℎ3

𝑊34 = ℎ4 − ℎ3

𝑄41 = ℎ1 − ℎ4
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Steam Cycles-Rankine Cycle

Thermal Efficiency of Rankine Cycle =
𝑁𝑒𝑡 𝑤𝑜𝑟𝑘 𝑜𝑢𝑡𝑝𝑢𝑡

𝐻𝑒𝑎𝑡 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝑖𝑛 𝑏𝑜𝑖𝑙𝑒𝑟

η𝑅 =
𝑊𝑜𝑢𝑡 −𝑊𝑖𝑛

𝑄𝑖𝑛
=

ℎ1 − ℎ2 − ℎ4 − ℎ3
ℎ1 − ℎ4

Efficiency ratio =
𝐶𝑦𝑐𝑙𝑒 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦

𝑅𝑎𝑛𝑘𝑖𝑛𝑒 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦

Isentropic e𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦(𝑒𝑥𝑝𝑒𝑛𝑠𝑖𝑜𝑛) =
𝐴𝑐𝑡𝑢𝑎𝑙 𝑤𝑜𝑟𝑘

𝐼𝑠𝑒𝑛𝑡𝑟𝑜𝑝𝑖𝑐 𝑤𝑜𝑟𝑘

Isentropic e𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦(𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛) =
𝐼𝑠𝑒𝑛𝑡𝑟𝑜𝑝𝑖𝑐 𝑤𝑜𝑟𝑘

𝐴𝑐𝑡𝑢𝑎𝑙 𝑤𝑜𝑟𝑘

Turbine isentropic e𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
ℎ1 − ℎ2
ℎ1 − ℎ2𝑠

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑠𝑡𝑒𝑎𝑚 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝑠𝑠𝑐) =
1

𝑁𝑒𝑡 𝑤𝑜𝑟𝑘 𝑜𝑢𝑝𝑢𝑡
) =

1

ℎ1−ℎ2𝑠
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Steam Cycles-Rankine Cycle
Example 8.1:

Given Data:

P1= 42 bar P2= 0.035 bar Cycle efficiency = ? Work Ratio = ? SSC = ?
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Steam Cycles-Rankine Cycle
Solution:
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Steam Cycles-Rankine Cycle
Solution:
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Steam Cycles-Rankine Cycle
Solution:
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Steam Cycles-Rankine Cycle
Solution:
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Steam Cycles-Rankine Cycle
Solution:
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Exercise Problems: 8.1, 8.2

Steam Cycles-Rankine Cycle
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