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	Course Objective: 

This course aims to equip the student with a basic understanding of concepts of the electrical power generation by conventional and nonconventional sources. Describes the Principle of MHD generation and economic aspects of power generation.

Course Outcome’s: 

CO1: To analyse the performance of various units involved in thermal power plant.

CO2: Knowledge of the operation, construction and design of various components of            hydro and nuclear power plant.

CO3: To calculate renewable energy potentials and do financial analysis of renewable         energy Projects.
CO4: To analyse the MHD power generation in open and closed loop systems.
CO5: Ability to calculate usage of electrical power and to plot the power/energy demand         in the form of graph.


Course Syllabus:
UNIT-I
Thermal Power Stations: Introduction, Selection of site  and description  of  Thermal Power Station (TPS) showing paths of coal, steam, water, air, ash and flue gasses.- Brief description of TPS components: Economizers, Boilers, Super heaters, Turbines, Condensers, Electronic precipitator, Chimney and Cooling towers.
UNIT-II
Hydro-Electric Plants: Introduction, Selection of site for Hydro – electric plants, classification of Hydro – electric plants, Hydel Station layout, Description of main components, types of turbines, pumped Storage plant.
Nuclear Power Stations: Nuclear Fission and Chain reaction.- Nuclear fuels.- Principle of operation of Nuclear reactor.-Reactor Components: Moderators, Control rods, Reflectors and Coolants.- Radiation hazards: Shielding and Safety precautions.- Types of Nuclear reactors and brief description of PWR, BWR and FBR.

UNIT –III
Non conventional sources of energy and plants: Basics of Solar energy generation: Role and  Potential of solar energy, solar Radiation, Solar energy collectors, Solar energy storage, solar applications.
Basics of wind energy generations: Role and potential of wind energy option, wind mills, variation of power output with wind speed, Betz criterion, applications.

UNIT –IV

Principle of MHD generation, MHD Cycles and working fluids, open cycle MHD system, Closed Cycle MHD System, advantage of MHD generation, voltage and power output of MHD generator, parameters governing power output. Tidal power generation and Tidal plants, geothermal power, principle of operation.
UNIT –V
Economic Aspects of power generation: Load curve ,load duration and integrated load duration curve, Mass curve, number and size of generator units, Demand factor, Diversity Factor, plant use factor, Plant Capacity Factor, Utilization Factor, Cost of generation and their division into fixed, semi fixed and running cost. Tariff Methods: Objectives of Tariff, Tariff methods.

TEXT BOOKS
1. “Generation of Electrical Energy”- by B.R Gupta-S.Chand Publications.

2. “A Text Book on Power System Engineering” by M.L Soni, P.V Gupta, O.S   Bhatnagar- Dhanpat Rai & Co.

3. “Principles of Power System”  by V.K Mehta & Rohit Mehta- S.Chand Publications.
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UNIT-I
THERMAL POWER STATION

THERMAL POWER STATION

INTRODUCTION

At present 54.09% or 93918.38 MW (Data Source CEA, as on 31/03/2011) of total electricity production in India is from Coal Based Thermal Power Station. A coal based thermal power plant converts the chemical energy of the coal into electrical energy. This is achieved by raising the steam in the boilers, expanding it through the turbine and coupling the turbines to the generators which converts mechanical energy into electrical energy.
INTRODUCTORY OVERVIEW
In a coal based power plant coal is transported from coal mines to the power plant by railway in wagons or in a merry-go-round system. Coal is unloaded from the wagons to a moving underground conveyor belt. This coal from the mines is of no uniform size. So it is taken to the Crusher house and crushed to a size of 20mm. From the crusher house the coal is either stored in dead storage( generally 40 days coal supply) which serves as coal supply in case of coal supply bottleneck or to the live storage(8 hours coal supply) in the raw coal bunker in the boiler house. Raw coal from the raw coal bunker is supplied to the Coal Mills by a Raw Coal Feeder. The Coal Mills or pulverizer pulverizes the coal to 200 mesh size. The powdered coal from the coal mills is carried to the boiler in coal pipes by high pressure hot air. The pulverized coal air mixture is burnt in the boiler in the combustion zone. Generally in modern boilers tangential firing system is used i.e. the coal nozzles/ guns form tangent to a circle. The temperature in fire ball is of the order of 1300 deg.C. The boiler is a water tube boiler hanging from the top. Water is converted to steam in the boiler and steam is separated from water in the boiler Drum. The saturated steam from the boiler drum is taken to the Low Temperature Super heater, Platen Super heater and Final Super heater respectively for superheating. The superheated steam from the final super heater is taken to the High Pressure Steam Turbine (HPT). In the HPT the steam pressure is utilized to rotate the turbine and the resultant is rotational energy. From the HPT the out coming steam is taken to the Reheater in the boiler to increase its temperature as the steam becomes wet at the HPT outlet. After reheating this steam is taken to the Intermediate Pressure Turbine (IPT) and then to the Low Pressure Turbine (LPT). The outlet of the LPT is sent to the condenser for condensing back to water by a cooling water system. This condensed water is collected in the Hotwell and is again sent to the boiler in a closed cycle. The rotational energy imparted to the turbine by high pressure steam is converted to electrical energy in the Generator.
SELECTION OF SITE FOR THERMAL POWER PLANT (STEAM):

1. Availability of fuel (coal):
The Thermal Power station should be located near the coal mines so that transportation cost of fuel is minimum. Huge amount of coal is required for raising the steam (20000 tons per day per 200 MW Station). Transportation cost of fuel is minimum. However, if such a plant is to be installed at a place where coal is not available, then care should be taken that adequate facilities exist for the transportation of coal.
2. Availability of water:

Large quantity of water is required in a Thermal Power plant. It is required

i) To raise the steam in boiler
ii) For cooling purpose such as in condensers
iii) As a carrying medium such as disposal of ash and 
iv) For drinking purposes
Hence, this plant should be located at the bank of a river or near a canal to ensure the continuous supply of water.

3. Nearness to load centres:

The power plant should be as near as possible to the center of the load so that transmission cost and losses are minimum. This Factor is most important if d.c. supply system is adopted.  However, if a.c. supply system is adopted, this factor becomes relatively less important.  It is because a.c. power can be transmitted at high voltages with consequent reduced transmission cost.  Therefore, it is possible to install the plant away from the load centers, provided other conditions are favorable
4. Transportation facilities:

A modern Thermal Power station often requires the transportation of material and machinery.  Therefore, adequate transportation facilities must exist i.e., the plant should be well connected to other parts of the country by rail, road. etc.

5. Cost and type of land:

The Thermal Power station should be located at a place where land is cheap and further extension, if necessary, is possible. Moreover, the bearing capacity of the ground should be adequate so that heavy equipment could be installed.

6. Distance from populated area:

As huge amount of coal is burnt in a Thermal Power station, therefore, smoke and fumes pollute the surrounding area.  This necessitates that the plant should be located at a considerable distance from the populated areas.

7. Labour Supplies:

Skilled and unskilled labours should be available at reasonable rates near the site of the plant.

8. Ash disposal:

Ash is the main waste product of the Thermal Power plant and with low grade coal, it may be 3.5 tons per day, hence, some suitable means for disposal of ash should be thought of.
Ash can be used for brick making near the plant site, or it can be dumped in to the disused mines, or into the river.

OPERATIONS IN THERMAL POWER STATIONS
Step wise operations in a thermal power plant are as follows:
· Coal is used as a fuel to boil the water

· Water is boiled to form pressurized steam

· Pressurized steam is the force that cause the turbine to rotate at a very high speed

· Low pressure steam after pushing through the turbine it is going into the condenser
· Condenser-the place where the steam is condensed back to its liquid form. Then the process is repeated.
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Figure: 1.1 Diagram of a typical coal-fired thermal power station

SCHEMATIC ARRANGEMENT OF THERMAL POWER STATION
Although steam power station simply involves the conversion of heat of coal combustion into electrical energy, yet it embraces many arrangements for proper working and efficiency.  The schematic arrangement of a modern steam power station is shown in Figure.  The whole arrangement can be divided into the following stages for the sake of simplicity:
1.  Coal and ash handling arrangement     
2.  Steam generating plant
3.  Steam turbine                                            
4.  Alternator
5.  Feed water                                                
6.  Cooling arrangement

1. Coal and ash handling plant. The coal is transported to the power station by road or rail and is stored in the coal storage plant.  Storage of coal is primarily a matter of protection against coal strikes, failure of transportation system and general coal shortages. From the coal storage plant, coal is delivered to the coal handling plant where it is pulverized (i.e., crushed into small pieces) in order to increase its surface exposure, thus promoting rapid combustion without using large quantity of excess air. The pulverized coal is fed to the boiler by belt conveyors. The coal is burnt in the boiler and the ash produced after the complete combustion of coal is removed to the ash handling plant and then delivered to the ash storage plant for disposal. The removal of the ash from the boiler furnace is necessary for proper burning of coal.
It is worthwhile to give a passing reference to the amount of coal burnt and ash produced in a modern thermal power station.  A 100 MW station operating at 50% load factor may burn about
20,000 tons of coal per month and ash produced may be to the tune of 10% to 15% of coal fired i.e., 2,000 to 3,000 tons.  In fact, in a thermal station, about 50% to 60% of the total operating cost consists of fuel purchasing and its handling.
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Figure 1.2.  General Layout of the Thermal Power Station
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Figure: 1.3. Layout of Thermal Power Station
2. Steam Generating Plant. The steam generating plant consists of a boiler for the production of steam and other auxiliary equipment for the utilization of flue gases.
(i) Boiler. The heat of combustion of coal in the boiler is utilized to convert water into steam at high temperature and pressure.  The flue gases from the boiler make their journey through super- heater, economizer, air pre-heater and are finally exhausted to atmosphere through the chimney.
(ii) Superheater.  The steam produced in the boiler is wet and is passed through a superheater where it is dried and superheated (i.e., steam temperature increased above that of boiling point of water) by the flue gases on their way to chimney.  Superheating provides two principal benefits. Firstly, the overall efficiency is increased.  Secondly, too much condensation in the last stages of turbine (which would cause blade corrosion) is avoided. The superheated steam from the superheater is fed to steam turbine through the main valve.
(iii) Economiser. An economizer is essentially a feed water heater and derives heat from the flue gases for this purpose.  The feed water is fed to the economizer before supplying to the boiler.  The economizer extracts a part of heat of flue gases to increase the feed water temperature.
(iv) Air preheater. An air preheater increases the temperature of the air supplied for coal burning by deriving heat from flue gases. Air is drawn from the atmosphere by a forced draught fan and is passed through air preheater before supplying to the boiler furnace. The air preheater extracts heat from flue gases and increases the temperature of air used for coal combustion. The principal benefits of preheating the air are : increased thermal efficiency and increased steam capacity per square metre of boiler surface.
3. Steam turbine.  The dry and superheated steam from the superheater is fed to the steam turbine through main valve.  The heat energy of steam when passing over the blades of turbine is converted into mechanical energy. After giving heat energy to the turbine, the steam is exhausted to the condenser which condenses the exhausted steam by means of cold water circulation.
4. Alternator. The steam turbine is coupled to an alternator. The alternator converts mechanical energy of turbine into electrical energy. The electrical output from the alternator is delivered to the bus bars through transformer, circuit breakers and isolators.
5. Feed water.  The condensate from the condenser is used as feed water to the boiler.  Some water may be lost in the cycle which is suitably made up from external source. The feed water on its way to the boiler is heated by water heaters and economizer.  This helps in raising the overall efficiency of the plant.
6. Cooling arrangement.  In order to improve the efficiency of the plant, the steam exhausted from the turbine is condensed by means of a condenser.  Water is drawn from a natural source of supply such as a river, canal or lake and is circulated through the condenser.  The circulating water takes up the heat of the exhausted steam and it self becomes hot. This hot water coming out from the condenser is discharged at a suitable location down the river. In case the availability of water from the source of supply is not assured throughout the year, cooling towers are used. During the scarcity of water in the river, hot water from the condenser is passed on to the cooling towers where it is cooled. The cold water from the cooling tower is reused in the condenser.
TYPICAL COAL THERMAL POWER STATION
	1. Cooling tower
	10. Steam Control valve
	19. Superheater

	2. Cooling water pump
	11. High pressure steam turbine
	20. Forced draught (draft) fan

	3. Transmission line (3-phase)
	12. Deaerator
	21. Reheater

	4. Step-up transformer (3-phase)
	13. Feed water heater
	22. Combustion air intake

	5. Electrical generator (3-phase)
	14. Coal conveyor
	23. Economizer

	6. Low pressure steam turbine
	15. Coal hopper
	24. Air preheater

	7. Condensate pump
	16. Coal pulverizer
	25. Precipitator

	8. Surface condenser
	17. Boiler steam drum
	26. Induced draught (draft) fan

	9. Intermediate pressure steam turbine
	18. Bottom ash hopper
	27. Flue-gas stack
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Figure 1.4. Typical diagram of a coal-fired thermal power station 
Working process for Thermal Power Plant

1) Coal is conveyed with the help of Coal Conveyer from an external stack and ground to a very fine powder by large metal spheres in the pulverized fuel mill.

2) There it is mixed with preheated air driven by the Forced draught fan.

3) The hot air-fuel mixture is forced at High pressure into the Boiler where it rapidly ignites.

4) Water of a high purity flows vertically up the tube-lined walls of the boiler, where it turns into steam, and is passed to the boiler drum, where steam is separated from any remaining water.

5) The steam passes through a manifold in the roof of the drum into the pendant Super heater where its temperature and pressure increase rapidly to around 200 bar and 570°C, sufficient to make the tube walls glow a dull red.

6) The steam is piped to the High-pressure turbine, the first of a three-stage turbine process.

7) A Steam governor valve allows for both manual control of the turbine and automatic set point following.

8) The steam is exhausted from the high-pressure turbine, and reduced in both pressure and temperature, is returned to the boiler Reheater.

9) The reheated steam is then passed to the Intermediate pressure turbine, and from there passed directly to the low pressure turbine set.

10) The exiting steam, now a little above its boiling point, is brought into thermal contact with coldwater (pumped in from the cooling tower) in the Condenser, where it condenses rapidly back into water, creating near vacuum-like conditions inside the condenser chest.

11) The condensed water is then passed by a feed pump through a Deaerator, and pre-warmed, first in a feed heater powered by steam drawn from the high pressure set, and then in the Economizer, before being returned to the boiler drum.

12) The cooling water from the condenser is sprayed inside a Cooling tower, creating a highly visible plume of water vapor, before being pumped back to the Condenser in cooling water cycle.

13) The three turbine sets are coupled on the same shaft as the three-phase electrical Generator which generates an intermediate level voltage (typically 20-25 kV).

14) This is stepped up by the unit Transformer to a voltage more suitable for transmission (typically250-500 kV) and is sent out onto the Three-phase Transmission System.

15) Exhaust gas from the boiler is drawn by the Induced draft fan through an Electrostatic Precipitator and is then vented through the Chimney stack.
Advantages of coal based Thermal Power Plant

· They can respond to rapidly changing loads without difficulty
· A portion of the steam generated can be used as a process steam in different industries
· Steam engines and turbines can work under 25 % of overload continuously
· Fuel used is cheaper
· Less initial cost as compared to other generating stations.

· It requires less space as compared to the hydroelectric power station.

· It can be installed at any place irrespective of the existence of coal.  The coal can be transported to the site of the plant by rail or road

· Cheaper in production cost in comparison with that of diesel power stations
Disadvantages of coal based Thermal Power Plant

· Maintenance and operating costs are high
· Long time required for erection and putting into  action
· A large quantity of water is required
· Great difficulty experienced in coal handling
· It pollutes the atmosphere due to the production of large amount of smoke and fumes
· It is costlier in running cost as compared to hydroelectric plant
· Unavailability of good quality coal
· Maximum of  heat  energy lost
· Problem of ash removing
COAL HANDLING PLANT 
i) Fuel preparation system: In coal-fired power stations, the raw feed coal from the coal storage area is first crushed into small pieces and then conveyed to the coal feed hoppers at the boilers. The coal is next pulverized into a very fine powder, so that coal will undergo complete combustion during combustion process.
Pulverizer is a mechanical device for the grinding of many different types of materials. For example, they are used to pulverize coal for combustion in the steam-generating furnaces of fossil fuel power plants.
                                       
       Types of Pulverizers: Ball and Tube mills; Ring and Ball mills; MPS; Ball mill; Demolition.
ii) Dryers:  they are used in order to remove the excess moisture from coal mainly wetted during transport. As the presence of moisture will result in fall in efficiency due to incomplete combustion and also result in CO emission. 
iii) Magnetic separators: coal which is brought may contain iron particles. These iron particles may result in wear and tear. The iron particles may include bolts, nuts wire fish plates etc. so these are unwanted and so are removed with the help of magnetic separators. The coal we finally get after these above process are transferred to the storage site. Purpose of fuel storage is two –
·  Fuel storage is insurance from failure of normal operating supplies to arrive.
· Storage permits some choice of the date of purchase, allowing the purchaser to take advantage of seasonal market conditions. Storage of coal is primarily a matter of protection against the coal strikes, failure of the transportation system & general coal shortages.
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Figure 1.5. Ash Handling Arrangement in thermal power station
There are two types of storage:
1. Live Storage (boiler room storage): storage from which coal may be withdrawn to supply combustion equipment with little or no remanding is live storage. This storage consists of about 24 to 30 hrs. of coal requirements of the plant and is usually a covered storage in the plant near the boiler furnace. The live storage can be provided with bunkers & coal bins. Bunkers are enough capacity to store the requisite of coal. From bunkers coal is transferred to the boiler grates.
2. Dead storage- stored for future use. Mainly it is for longer period of time, and it is also mandatory to keep a backup of fuel for specified amount of days depending on the reputation of the company and its connectivity.
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THERMAL POWER PLANT COMPONENTS

Figure 1.6. Components of thermal power station
BOILER

Definition of Boiler:
Steam boiler or simply a boiler is basically a closed vessel into which water is heated until the water is converted into steam at required pressure. This is most basic definition of boiler. 

Working Principle of Boiler:
The basic working principle of boiler is very simple and easy to understand. The boiler is essentially a closed vessel inside which water is stored. Fuel (generally coal) is bunt in a furnace and hot gasses are produced. These hot gasses come in contact with water vessel where the heat of these hot gases transfer to the water and consequently steam is produced in the boiler. Then this steam is piped to the turbine of thermal power plant. There are many different types of boiler utilized for different purposes like running a production unit, sanitizing some area, sterilizing equipment, to warm up the surroundings etc.
Types of Boiler:
There are mainly two types of boiler – fire tube boiler and water tube boiler. In fire tube boiler, there are numbers of tubes through which hot gases are passed and water surrounds these tubes. Water tube boiler is reverse of the fire tube boiler. In water tube boiler the water is heated inside tubes and hot gasses surround these tubes. 
Fire Tube Boiler:
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Figure 1.7. Fire Tube Boiler

Operation of Fire Tube Boiler:
Operation of fire tube boiler is as simple as its construction. In fire tube boiler, the fuel is burnt inside a furnace. The hot gases produced in the furnace then passes through the fire tubes. The fire tubes are immersed in water inside the main vessel of the boiler. As the hot gases are passed through these tubes, the heat energy of the gasses is transferred to the water surrounds them. As a result steam is generated in the water and naturally comes up and is stored upon the water in the same vessel of fire tube boiler. This steam is then taken out from the steam outlet for utilizing for required purpose. The water is fed into the boiler through the feed water inlet.

As the steam and water is stored is the same vessel, it is quite difficult to produce very high pressure steam from. General maximum capacity of this type of boiler is 17.5 kg/cm2 and with a capacity of 9 Metric Ton of steam per hour. In a fire tube boiler, the main boiler vessel is under pressure, so if this vessel is burst there will be a possibility of major accident due to this explosion.

Advantages of Fire Tube Boiler

· It is quite compact in construction.

· Fluctuation of steam demand can be met easily.

· Cheaper than water tube boiler
Disadvantages of Fire Tube Boiler

· Due to large water the required steam pressure rising time quite high. 

· Output steam pressure cannot be very high since the water and steam are kept in same vessel.

· The steam received from fire tube boiler is not very dry.
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In a fire tube boiler, the steam drum is always under pressure, so there may be a chance of huge explosion which resulting to severe accident.

Water Tube Boiler

A water tube boiler is such kind of boiler where the water is heated inside tubes and the hot gasses surround them. This is the basic definition of water tube boiler. Actually this boiler is just opposite of fire tube boiler where hot gasses are passed through tubes which are surrounded by water. 

Types of Water Tube Boiler
There are many types of water tube boilers, such as 

1. Horizontal Straight Tube Boiler.

2. Bent Tube Boiler.

3. Cyclone Fired Boiler.

Advantages of Water Tube Boiler

There are many advantages of water tube boiler due to which these types of boiler are essentially used in large thermal power plant. 

1. Larger heating surface can be achieved by using more numbers of water tubes.

2. Due to convectional flow, movement of water is much faster than that of fire tube boiler, hence rate of heat transfer is high which results into higher efficiency.

3. Very high pressure in order of 140 kg/cm2 can be obtained smoothly.

Disadvantages of Water Tube Boiler

1. The main disadvantage of water tube boiler is that it is not compact in construction.

2. Its cost is not cheap.

3. Size is a difficulty for transportation and construction.
SUPERHEATERS
 The function of the superheater in the thermal power plant is to remove the last traces of moisture (1 to 2%) from the saturated steam coming out of boiler and to increase its temperature sufficiently above saturation temperature. 
The super-heating raises overall cycle efficiency as well as avoids too much condensation in the last stages of the turbine which avoids the blade erosion. 
The heat of combustion gases from furnace is utilized for the removal of moisture from steam and to superheat the steam. Super-heaters usually have several tube circuits in parallel with one or more return bends, connected between headers.

The steam is superheated by transferring the heat of gases either by convection or by radiation or by combined convection and radiation. The combined type superheater has proved most desirable as it keeps the constant temperature throughout the load range.
The principle of convection superheater is similar to steam generating tubes of the boiler. The hot gases at high temperature sweep over superheater tubes and raise the temperature of steam which magnitude depends upon exit gas temperature leaving the superheater and gas-velocity.
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Figure 1.9. Superheater and Reheater
Types of super heaters:
1. Convective super heater

2. Radiant super heater

Benefits:
· It increases the overall efficiency

· It removes moisture from the saturated steam

· It reduces the erosion of steam turbine blades due to the absence of moisture

REHEATERS
Some of the heat of superheated steam is used to rotate the turbine where it loses some of its energy. The steam after reheating is used to rotate the second steam turbine where the heat is converted to mechanical energy. This mechanical energy is used to run the alternator, which is coupled to turbine, there by generating electrical energy.

ECONOMISER
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Flue gases coming out of the boiler carry lot of heat. Function of economizer is to recover some of the heat from the heat carried away in the flue gases up the chimney and utilize for heating the feed water to the boiler. It is placed in the passage of flue gases in between the exit from the boiler and the entry to the chimney. 

The use of economizer results in saving in coal consumption, increase in steaming rate and high boiler efficiency but needs extra investment and increase in maintenance costs and floor area required for the plant. This use of economizer          Figure 1.10. Economiser results in saving coal consumption and higher boiler efficiency.
Advantages of Economiser:
1) Fuel economy: – used to save fuel and increase overall efficiency of boiler plant.
2) Reducing size of boiler: – as the feed water is preheated in the economizer and enter boiler tube at elevated temperature. The heat transfer area required for evaporation reduced considerably.
Disadvantages of Economiser:

1. It needs extra investment
2. It increases maintenance cost and floor area
AIR PREHEATER
It is used to pre heat the air before entering into furnace. The remaining heat of flue gases coming out of economiser is utilized by air preheater. It is a device used in steam boilers to transfer heat from the flue gases to the combustion air before the air enters the furnace. Also known as air heater, air-heating system. It is not shown in the lay out. But it is kept at a place nearby where the air enters in to the boiler.

The purpose of the air preheater is to recover the heat from the flue gas from the boiler to improve boiler efficiency by burning warm air which increases combustion efficiency, and reducing useful heat lost from the flue. 

· [image: image12.png]k4 SRR
et

Economiser



An air preheater increases the temperature of the air supplied for coal burning by deriving heat from flue gases.  

· Air is drawn from the atmosphere by a forced draught fan and is passed through air preheater before supplying to the boiler furnace.                                                                                                   Figure 1.10. Air preheater
· The air preheater extracts heat from flue gases and increases the temperature of air used for coal combustion

Air preheaters may be of three types

· Plate type

· Tubular type

· Regenerative  type

STEAM TURBINE
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A steam turbine is used as prime mover to generator. A steam turbine converts heat energy of steam into mechanical energy and drives the generator. It uses the principle that steam when issuing from a small opening attains a high velocity. This velocity attained during expansion depends on the initial and final heat content of the steam. This difference b/w initial and final heat content represents the heat                 Figure 1.11. Steam Turbine                

energy converted into kinetic energy.

These are of two types: ​
1. Impulse Turbine

2. Reaction Turbine

Impulse turbines:
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An impulse turbine has fixed nozzles that orient the steam flow into high speed jets. These jets contain significant kinetic energy, which the rotor blades, shaped like buckets, convert into shaft rotation as the steam jet changes direction. A pressure drop occurs across only the stationary blades, with a net increase in steam velocity across the stage. As the steam flows through the nozzle its pressure falls from inlet pressure to the exit pressure (atmospheric pressure, or more usually, the condenser vacuum). Due to this higher ratio of expansion of steam in the nozzle the steam leaves the nozzle with a very high velocity. The steam leaving the moving blades is a large portion of the maximum          Figure 1.12. Impulse & Reactin Turbine of velocity the steam when leaving the nozzle. The loss of energy due to this higher exit velocity is commonly called the "carry over velocity" or "leaving loss".

Reaction turbines
In this, the rotor blades themselves are arranged to form convergent nozzles. This type of turbine makes use of the reaction force produced as the steam accelerates through the nozzles formed by the rotor. Steam is directed onto the rotor by the fixed vanes of the stator. It leaves the stator as a jet that fills the entire circumference of the rotor. The steam then changes direction and increases its speed relative to the speed of the blades. A pressure drop occurs across both the stator and the rotor, with steam accelerating through the stator and decelerating through the rotor, with no net change in steam velocity across the stage but with a decrease in both pressure and temperature, reflecting the work performed in the driving of the rotor.

CONDENSER
Condenser is a device in which steam is condensed to water at a pressure below atmospheric pressure. Steam, after expansion through the prime mover, goes through the condenser which condenses the exhaust steam and also removes air and other non-condensable gases from steam while passing through them.

Functions of condenser: 

i. To reduce the turbine exhaust pressure so as to increase the specific output and hence increase the plant efficiency.

ii. To condense the exhaust steam from the turbine and re use it as pure feed water in the boiler.

iii. Enables removal of air and other non condensable gases from steam. Hence improved heat transfer.

Types of Steam Condenser

In a steam condenser, steam is always condensed with help of cooling water, but the techniques are different for different condensers. Depending upon condensation techniques, there are mainly two types of steam condensers. They are mainly 

1. Jet Steam Condenser.

2. Surface Steam Condenser.

Jet Steam Condenser

Here cooling water is sprayed on the exhaust steam. This is very fast process of condensing steam. But here cooling water and condensed steam are mixed up which can not be separated. 

Surface Steam Condenser
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Here, cooling water and exhaust steam are separated by a barrier and condensation is done by heat exchanging through this barrier wall. Cooling water is passed through numbers of water tubes and exhaust steam passes over the outer surface of the tube. The heat of steam is absorbed by the water inside the tube through the wall of the tube. Again in some cases, steam is passed through an array of steam tubes,                     cooling water is sprayed               Figure 1.13. Impulse & Reactin Turbine    over the steam tube and condensed steam comes out from the outlet of the tubes. Surface steam condensing is slower process than Jet Steam condensing, but the main advantage of surface steam condensing is that, the condensed steam is not thrown to waste but is returned to steam boiler through feed water system.
COOLING TOWERS
· In order to improve the efficiency of the plant, the steam exhausted from the turbine is condensed by means of a condenser

· Water is drawn from a natural source of supply such as a river, canal or lake and is circulated through the condenser

· The circulating water takes up the heat of the exhausted steam and itself becomes hot.  This hot water coming out from the condenser is discharged at a suitable location down the river

· During the scarcity of water in the river, hot water from the condenser is passed on to the cooling towers where it is cooled.  The cold water from the cooling tower is reused in the condenser

The condensate (water) formed in the condenser after condensation is initially at high temperature. This hot water is passed to cooling towers. It is a tower- or building-like device in which atmospheric air (the heat receiver) circulates in direct or indirect contact with warmer water (the heat source) and the water is thereby cooled.
· Most of the plants use a closed cooling systems where warm water coming from condenser is cooled and re used.

· Small plants use spray ponds and medium and large plants use cooling towers.
· Cooling tower is a steel or concrete hyperbolic structure having a reservoir at the base for storage of cooled water

· Height of the cooling tower may be 150 m or so and diameter at the base is 150 m.
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The cooling tower is a semi-enclosed device for evaporative cooling of water by contact with air. The hot water coming out from the condenser is fed to the tower on the top and allowed to tickle in form of thin sheets or drops. The air flows from bottom of the tower or perpendicular to the direction of water flow and then exhausts to the atmosphere after effective cooling.

The cooling towers are of four types: –
1. Natural Draft cooling tower
2. Forced Draft cooling tower
3. Induced Draft cooling tower

4. Balanced Draft cooling tower                                                                                                   Figure 1.14. Cooling Towers
[ELECTRO STATIC PRECIPITATOR
Electrostatic precipitator is used for the removal of dust and fly ash particles carried with the exhaust gases of thermal power stations

It can be used as a primary collector.
Working Principle
The dust laden gas is passed between oppositely charged conductors and it becomes ionized as the voltage applies between the conductors is sufficiently large. As the dust laden ad is passed through these highly charged electrodes, both negative and positive ions are formed, the later being as high as 80%. The ionized gas is further passed through the collecting units which consist of a set of vertical metal plates. Alternate plates are positively charged and earthed. As the alternate plates are earthed, high intensity electrostatic field exerts a force on positively charged dust particles and drives them toward the grounded plates. The deposited dust particles are removed from the plates by giving the shaking motion to the plates with the help of cam driven by external means. The dust removed from the plates with the help of shaking motion is collected in the dust hoppers. Care should be taken that the dust collector in the hopper should not be entrained in the clean gas. The advantages and disadvantages of this collector are
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Figure.1.15. General arrangement of an ESP
Advantages of electrostatic precipitator

· This is more effective to remove very small particles like smoke, mist and fly ash. Its range of dust removal is sufficiently large (0.01 micron to 1.00 micron). The small dust particles below 10 microns cannot be removed with the help of mechanical separators and wet scrubbers cannot be used if sufficient water is now available. Under these circumstances, this type is very effective.

· This is also most effective for high dust loaded gas (as high as 100 grams per cu. meter)

· The draught loss of this system is the least of all forms(1 cm of water)

· It provides ease of operation.

· The dust is collected in dry form and can be removed either dry or wet.

Disadvantages of a electrostatic precipitator

· The direct current is not available with the modern plants, therefore considerable electrical equipment is necessary to convert low voltage (400 V) A.C to high voltage (60000 V) D.C. This increases the capital cost of the equipment as high as 40 to 60 cents per 1000 kg of rated installed steam generating capacity.

· The running charges are also considerably high as the amount of power required for charging is considerably large.

· The space required is larger than the wet system.

· The efficiency of the collector is not maintained if the gas velocity exceeds that for which the plant is designed. The dust carried with the gases increases with an increase of gas velocity.

· Because of closeness of the charged plates and high potential used, it is necessary to protect the entire collector from sparking by providing a fine mesh before the ionizing chamber. This is necessary because even a smallest piece of paper might cause sparking when it would be carried across adjacent plates or wires.

CHIMNEY
A chimney is a structure that provides ventilation for hot flue gases or smoke from a boiler, stove, furnace or fireplace to the outside atmosphere. Chimneys are typically vertical, or as near as possible to vertical, to ensure that the gases flow smoothly, drawing air into the combustion in what is known as the stack, or chimney, effect. The space inside a chimney is called a flue. Chimneys may be found in buildings, steam locomotives and ships. In the United States, the term smokestack (colloquially, stack) is also used when referring to locomotive chimneys or ship chimneys, and the term funnel can also be used. 
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The height of a chimney influences its ability to transfer flue gases to the external environment via stack effect. Additionally, the dispersion of pollutants at higher altitudes can reduce their impact on the immediate surroundings. In the case of chemically aggressive output, a sufficiently tall chimney can allow for partial or complete self-neutralization of airborne                                                                               Figure.1.16.Chimney                      chemicals before they reach ground level. The dispersion of pollutants over a greater area can reduce their concentrations and facilitate compliance with regulatory limits.
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In a boiler it is essential to supply a controlled amount of air to the furnace for effective combustion of fuel and to evacuate hot gases formed in the furnace through the various heat transfer area of the boiler. This can be done by using a chimney or mechanical device such as fans which acts as pump.
i) Natural draught 
When the required flow of air and flue gas through a boiler can be obtained by the stack (chimney) alone, the system is called natural draught. When the gas within the stack is    Figure.1.17. Fan or Draught System   hot, its specific weight will be less than the cool air outside; therefore the unit pressure at the base of stack resulting from weight of the column of hot gas within the stack will be less than the column of extreme cool air. The difference in the pressure will cause a flow of gas through opening in base of stack. Also the chimney is form of nozzle, so the pressure at top is very small and gases flow from high pressure to low pressure at the top.
ii) Mechanized draught
There are 3 types of mechanized draught systems
1) Forced draught system
2) Induced draught system
3) Balanced draught system
Forced draught: – In this system a fan called Forced draught fan is installed at the inlet of the boiler. This fan forces the atmospheric air through the boiler furnace and pushes out the hot gases from the furnace through superheater, reheater, economiser and air heater to stacks.
Induced draught: – Here a fan called ID fan is provided at the outlet of boiler, that is, just before the chimney. This fan sucks hot gases from the furnace through the super heaters, economiser, reheater and discharges gas into the chimney. This results in the furnace pressure lower than atmosphere and affects the flow of air from outside to the furnace.
Balanced draught:-In this system both FD fan and ID fan are provided. The FD fan is utilized to draw control quantity of air from atmosphere and force the same into furnace. The ID fan sucks the product of combustion from furnace and discharges into chimney. The point where draught is zero is called balancing point.
FEED WATER

· The condensate from the condenser is used as feed water to the boiler

· The feed water on its way to the boiler is heated by water heaters and economiser

· This helps in raising the overall efficiency of the plant 

DEAERATOR

A steam generating boiler requires that the boiler feed water should be devoid of air and other dissolved gases, particularly corrosive ones, in order to avoid corrosion of the metal.Generally, power stations use a Deaerator to provide for the removal of air and other dissolved gases from the boiler feed water. A deaerator typically includes a vertical, domed deaeration section mounted on top of a horizontal cylindrical vessel which serves as the deaerated boiler feed water storage tank.

ASH HANDLING PLANT
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The Ash from the boiler is collected in two forms:
Bottom Ash(Slurry): It’s a waste which is dumped into a Ash Pond
Fly ash: Fly ash is separated from Flue Gases in ESP(Electro static Precipitator).

· The percentage of ash in coal varies from 5% in good quality coal to about 40% in poor quality coal

· Power plants          generally use poor             Figure. 1.18 Ash handling plant               quality of coal, thus amount of ash produced by it is pretty large

· A modern 2000 MW plant produces about 5000 tons of ash daily

· The stations use some conveyor arrangement to carry ash to dump sites directly or for carrying and loading it to trucks and wagons which transport it to the site of disposal
Types of Water Required
· Demineralisd water –Boiler

· Soften water – cooling and general service

· Drinking water – Domestic purpose

· Untreated water – Ash handling Plant, coal  handling Plant and fire fighting

Questions

1. Draw a typical layout of thermal power station and describe the functions of all components.
2.  (a) What are the various types of boilers used in thermal power station?

 (b) Explain the cooling arrangements that are used in thermal power station.

3.  (a) Write short notes on site selection of thermal power station.

     (b) With neat sketch explain the operation of electronic precipitator.

4.  (a) Discuss in detail about the condensers that are used in the thermal power            station. Explain about any two types of condensers.

     (b) A steam power station spends 30 lakhs per annum for coal used in the station.           The coal has calorific value of 5000 kcal/kg and costs of 300 per ton. If the           station has thermal efficiency 33% and electrical efficiency 90%. Find the           average load on the station.

5.  (a) Discuss about the methods to be followed to handle ash in the thermal power             station?

      (b) Explain about any two types of turbines that are used in thermal power             station.

6. Explain the operating principle of thermal power station.

7. Write short notes on the following components of thermal power station
           (i) Economizer

           (ii) Super heater 

           (iii) Chimney
Figure 1.8. Water Tube Boiler
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