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Lecture on Rankine Cycle
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Rankine Cycle
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Conditions:
If T2 is Decreased, then Efficiency will increase. (Cannot go below 
the Atmospheric pressure).

If TM1 Is Increased, Then Efficiency will Increase. 



Mean Temp. @ Q1 & Q2
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Regeneration in Rankine Cycle
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Regeneration in Rankine Cycle
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Basic Concept of Regeneration in Rankine Cycle
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Regeneration in Rankine Cycle
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Two Regeneration (or) In case of Three pumps.
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Important Terms of Steam
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Boilers
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Figure . 1 Figure . 2
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Figure . 1 Figure . 2



Or
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In Natural circulation type boilers,
circulation of water in the boiler takes
place due to natural convection
current produced by the application of
heat
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Comparison of Fire Tube Boiler & Water Tube Boiler
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Cochran Boiler
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 In a locomotive boiler, first, the solid fuel (coal) is inserted on the
grate and is ignited from the fire hole. The burning of the fuel starts
and it creates hot exhaust gases. A fire brick arch is provided that
makes the flow of hot exhaust gases to a definite path before entering
into the long tubes (fire tubes). It also prevents the entry of burnt
solid fuel particles into the fire tubes

 The hot exhaust gases pass through the long fire tubes and heat the

Working of Locomotive Boiler

30

 The hot exhaust gases pass through the long fire tubes and heat the
water surrounding them. Due to the heating, water gets transformed
into saturated steam and collected at the top. Saturated steam from a
dome enters into the steam pipe with the help of a regulator valve.
The steam travels in the main steam pipe and reaches the superheater
header. From the header, the steam enters into the superheater
element pipes.



 Here it is superheated and then the superheated steam enters into the
steam pipe of the smokebox. The steam from the superheater goes to
the cylinder containing the piston. The superheated steam made
the piston moves within the cylinder. The piston is connected to the
wheels of the steam engine and the wheels start rotating. The exhaust
steam from the cylinder enters the blast pipe.

 The burnt gases and smoke after passing through the fire tubes enter
into the smokebox. The exhaust steam coming out from the blast pipe
pushes the smoke out of the boiler through the chimney. Here the

31

pushes the smoke out of the boiler through the chimney. Here the
smoke cannot escape out from the boiler on its own, so an artificial
draft is created by exhaust steam coming out from the steam engine.
This artificial draft created pushes the smoke out of the smokebox
and creates suction for the hot exhaust gases.
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 The small Pressure difference which cause the flow of gas
to take place is termed as Draught.

or
 Draught is a small pressure difference between air outside

the boiler and gases within the Furnace.
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 The Function of draught in case of boiler, is to
force the air to the Grate for Combustion and
carry away the flue gases outside the Chimney.

 In Boiler furnace. The proper combustion takes
place only when sufficient quantity of air is
supplied to the burning fuel.
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supplied to the burning fuel.
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 Its value is very small, so it is generally the pressure values are measure by Water 
manometer. 

 It is noted that the pressure difference in chimney is generally less than 12mm of 
water.
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This loss in Draught in a chimney is 20% of the total Draught produced in it. 
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Steam Condenser
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Fig. Steam Power Plant
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Cooling Towers 
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Cooling Towers 
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Cooling Towers 

The Purpose of a cooling tower is to reduce the temperature
of circulating hot water to re-use this water again in the boiler.
This hot water is coming from the condenser.

11



12



13



14



15

Fig. Schematic Diagram of Cooling tower



Parts of Cooling Tower
Eliminator: It is not allowed to pass water. Eliminator is placed the at top of
tower, from which only hot air can pass.

Spray Nozzles and Header: These parts are used to increase the rate of
evaporation by increasing surface area of water.

PVC Filling: It reduces the falling speed of hot water.
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Mesh: When the fan is ON, it uses atmosphere air which contains some
unwanted dust particles. Mesh is used to stop these particles and do not allow to
enter dust in to cooling tower.

Float Valve: It is used to maintain level of water.

Bleed Valve: It is used to control the concentration of minerals and salt.

Body: Body or outer surface of cooling tower is often made up from FRP (fiber
reinforced plastic), which protects the internal parts of cooling tower.
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Working of Cooling Tower 
 Hot water is coming at the inlet of the tower and pumped up to 

the header. 
 The header contains nozzles and sprinklers which is used to 

spray water, and it will increase the surface area of water.
 After that, water comes to PVC filling; it used to reduce the 

speed of water. 
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 At the top the cooling tower, fans are used to lift air from 
bottom to the top. Because of slow speed and more contact area 
of water, it makes a good connection between air and hot water. 
The process will reduce the temperature of water by 
evaporation process and cooled water is collected at the bottom 
of the cooling tower, and this cooled water is used again in the 
boiler.
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Cooling towers can be classified in two types:

1. Natural Draught Cooling Tower:
2. Mechanical or Forced Draught Cooling Tower
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1. Natural Draught Cooling Tower:
In this type of cooling tower, fan is not used for circulating air but here, by enclosing
the heated air in the chimney and it will create pressure difference between heated air
and surrounding air. Because of this pressure difference air enters in to the cooling
tower. It requires large hyperbolic tower, so capital cost is high but operating cost is low
because of absence of electrical fan.
There are two types of natural draught cooling tower, rectangular timber tower and
reinforced concrete hyperbolic tower.
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2.   Mechanical or Forced Draught Cooling Tower

In this type of cooling tower, fan is used to circulate the air.

When power plant runs on peak load, it requires a very high rate of
cooling water. To rotate fan, it uses motor with speed around 1000 rpm.

Working principle is same as natural draught cooling tower, only
difference is that here fan is mounted on the cooling tower.
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If fan is mounted on the top of the tower is called as induced
draught cooling tower. It contains a vertical shaft. which is most
popular for very large capacity installation and requires large capacity
of fan.

So, forced draught cooling tower contains horizontal shaft for the
fan and it is placed at bottom of the tower and



23

Fig. Forced draught cooling tower Fig. Induced draught cooling tower 
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Fig. Steam Power Plant
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Why vacuum is created in Condenser…?
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Counter Flow Low Level Jet Condenser
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Counter Flow Low Level Jet Condenser
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Parallel Flow Low Level Jet Condenser
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Steam Nozzle
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Steam Nozzle



3



4



5



Mach 
Number
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Significance of Critical Pressure ratio
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Flow of the 
Nozzle

13



14



15



16



17



or
Supersaturated Nozzle
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Mass of Steam Discharge Through a 
Nozzle

PDF:
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Steam Turbine



Steam Turbine
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Working Principle of Turbine
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Main Parts of the Impulse Turbine
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Impulse Turbine Pr. & Vel. Variation
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Reaction Turbine Pr. & Vel. Variations
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Velocity Compounding Variations
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Pressure Compounding Variations
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Pressure & Velocity Compounding
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Gas Turbine



Basic Working Principle of Gas Turbine 
Power Plant
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