
 
 
 
 

Unit-I 
 

 

Part-A 
 

1. Name the four major circuits in steam power plant. 
 

 
 

Coal and ash circuit 

 
Air and flue gas circuit 

 
Feed water and steam circuit 

 
Cooling water circuit 

 

 

2. What is the purpose of Draught?     (Apr 2011) 
 

(i) To supply required amount of air to the furnace for the combustion of fuel. The amount of 

fuel can be burnt per square foot of grate depends upon the quantity of air circulated through 

fuel bed. 

 

(ii) To remove the gaseous products of combustion. 
 

 

3. Write about Benson boiler? State some important advantages of Benson boiler? 
 

Benson boiler is the high pressure, vertical fire tube boiler. This boiler has no drum and is 
 

~designed to operate at critical pressure of 225 bar. Benson boiler has no drum. So the total 

weight of the Benson boiler is reduced by-20%, when compared to other boilers. 

 

o   The erection of Benson boiler is easier and quicker. 
 

4. Explain Reheat cycle? 
 

 

If the dryness fraction of steam leaving the turbine is less than 0.88, then, corrosion and 

erosion of turbine blades occur. To avoid this situation, reheat is used. In the reheat cycle, the
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expansion of steam takes place in one (or) more-turbines. Steam is expanded in the HP turbine 

first, and then it is reheated. The reheated steam is again expanded in. the LP turbine. 

 

5. What are the important advantages of Re-heating?   (Nov/Dec 2005) 
 

 

Due to reheating, network done increases 

Heat supply increases 

Thermal efficiency increases 

Due to reheating, the turbine exit dryness fraction increases so moisture decreases - so 

blade erosion becomes minimum - so life of the turbine will be increased. 

6. Define bleeding in steam power plant? 
 

Assume I kg of steam is expanded in the turbine. Before complete amount of steam -is 

expanded, some amount of steam (m kg) is -extracted ' Extracting the steam in the turbine before 

exhaust is called bleeding. This bled steam is used to heat the feed water. 

 

7. Explain the term Regeneration & advantages of Regeneration cycle? 
 

Regeneration means heating the feed water by steam taken from the turbine. The steam is 

exhausted (bled) from the turbine at several locations before exhaust and is supplied to regenerator 

(feed water heater) to heat the feed water. 

 

Advantages of Regeneration cycle 
 

Heat supplied to boiler becomes reduced 
 

 

Thermal efficiency is increased since the average temperature of heat addition to the 

cycle is increased. 

Due to bleeding in the turbine, erosion of turbine due to moisture is reduced. 

8. Define the term waste heat recovery? 
 

 

Waste heat is the heat which is not at all used and exhausted out as a waste product. 

Waste heat is normally available from the industry in the form of process steam and water at
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high  temperature.  Also,  the  waste  heat  is  discharged  with  the  exhaust  gases  in  so  many 

industries. This heat can be recovered for useful purpose. This process is known-as waste heat 

recovery. 

 

9. What are the waste materials, which can be used for fuel for power generation? 

(Nov/Dec 2004) 

Municipal waste 
Industrial waste 
Paper waste 
Rubber waste. 

10. Write about out plant handling? 
 

Out plant handling includes the handling of coalmine to the thermal power plant. These 

handlings are outside the plant in the following ways. 

 

Transportation by sea (or) river 

Transportation by rail 

Transportation by road 

Transportation of coal by pipeline. 

11. Write about inplant handling of-coal? (Apr 2011) 
 

 

In order to handle large quantity of coal inside the plant, some mechanical handling systems 

are provided f6r smooth, easy and better controlled operation. The inplant coal handling is divided, 

into following categories. 

 

 Coal unloading 
 

 

 Coal preparation 
 

 Coal transfer 

 

 Coal storage 

 

 
 

 

 

 



Mechanical Engineering Department 9 Dr.M.Ezhilan  

12. Why the preparation of coal is necessary? 
 

 

The coal from coal nines cannot be directly fed into the furnace. Proper preparation of 

coal should be done before feeding the coal to the furnace. In the coal preparation, the coal 

passes through the different equipments like 1. Crushers 2.Sizers 3.Driers and Magnetic Separators. 

 

13. Name the different types of coal transforming equipments? 
1. Belt conveyors 2. Screw conveyors 3. Bucket elevators 4. Grab bucket elevators 5. 

 

Skip hoists 6. Flight conveyors. The coal transfer starts by carrying of coal from-unloading point 

to the storage site. 

14. Write the classification of Mechanical Stokers?  (Apr 2010) 
 

 

1.  Travelling grate stoker 2.  Chain grate stoker 
 

3.  Spreader stoker            4.   Vibrating grate Stoker 
 

5.  Underfeed stoker. 
 

15. Define draught, what is the use of draught in thermal power plants? 
 

Draught is defined as a small pressure difference required between the fuel bed (furnace) 

and outside air to maintain constant flow of air and to discharge the gases through chimney to the 

atmosphere. Draught can be obtained by chimney, fan, steam jet (or) -air jet (or) combination of 

these. The uses are 

 

To supply required quantity of air to the furnace for combustion of fuel. 

To draw the combustion products through the system. 

To remove burnt products from the system
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16. Why the balanced draught system is preferred than other system? 
In the induced draught system, when the furnace is opened for firing, the cold air  enters 

 

the furnace and dilate the combustion. In the forced draught system, when the furnace is opened 

for firing, the high pressure air will try to blow out suddenly and furnace may stop. Hence the 

furnace cannot be opened for firing (q) inspection in both, systems. Balanced draught, which is a 

combination of induced and forced draught, is used to overcome the above stated difficulties. 

 

17. Define forced draft and induced draft cooling towers 
 

If the fan is located at the bottom of the tower and air is blown by the fan up through the 

descending water it is called as forced draft cooling towers. If the fan is located at the top of the 

tower and airs enters through the louvers located on the tower‟s side and drawn up and discharge 

through the fan casing, it is called as induced draft. 

 

18. What is the working principle of Cooling Towers?  (Nov/Dec 2013) 
 

The hot water is sprayed from the top of the tower, while the air is made to flow from the 

bottom of the tower to the top. This air cools the hot water in the cooling tower. Air vaporizes a 

small percentage of water, there by cooling the remaining water. The air absorbs the heat and 

leaves at the top of the tower and cooled water leaves at the bottom and recirculated to the 

condenser. 

 

19. How the atmospheric (or) natural draught cooling towers- are classified? 
 

In atmospheric (or) natural cooling towers, the natural air provides the required Cooling 

without the use of fans. This is classified into three types. 

 

1. Natural draft spray filled towers 

2. Natural draft packed type towers.' 

3. Hyperbolic cooling towers 

20. How mechanical draft cooling towers are classified?     (Nov/Dec 2011) 
 

Mechanical draft cooling tower is classified into three types
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1. Forced draft tower. 

2. Induced draft counter flow tower 

3. Induced draft cross flow tower. 

21. Write the classification of Ash handling system?  (Dec 2009) 
1.   Hydraulic system, 

 

 

2.   Pneumatic system 
 

 

3.   Mechanical system 

 
22. What are the Ash discharge equipments? (Apr 2008) 

1.   Rail road cars 
 

 

2.   Motors truck 
 

 

3.   Barge 
 
 

23. List the different types of components (or) systems used in steam (or) thermal power 

plant? 
1. Coal handling system. 2. Ash handling system. 

 

 

3. Boiler 4. Prime mover 
 

5. Draught system. 

a. Induced Draught b. Forced Draught 
 

24. What are the merits of thermal power plants?       (Dec 2008) 
 

Merits (Advantages) of Thermal Power Plant: 
 

1. The unit capacity of thermal power plant is more. The cost of unit decreases with the 

increase in unit capacity.Life of the plant is more (25-30 years) as compared to diesel 

plant(2-5 years) 

 

2. Repair and maintenance cost is low when compared with diesel plant 

3. Initial cost of the plant is less than nuclear plants 

4. Suitable for varying load conditions.
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25. What are the Demerits of thermal power plants? Demerits of thermal Power Plants: 
 

 

1. Thermal plant are less efficient than diesel plants 
 

 

2. Starting up the plant and brining into service takes more time 
 

 

3. Cooling water required is more 
 

 

4. Space required is more. 

 
PART –B 

 

1. Draw and Explain the working of thermal power plant? (Apr 2005) 
 

The four main circuits one would come across in any thermal power plant layout are 
 

-    Coal and Ash Circuit 
 

 

-    Air and Gas Circuit 
 

 

-    Feed Water and Steam Circuit 
 

 

-    Cooling Water Circuit. 

Coal and Ash Circuit 
 

Coal and Ash circuit in a thermal power plant layout mainly takes care of feeding the 

boiler with coal from the storage for combustion. The ash that is generated during combustion is 

collected at the back of the boiler and removed to the ash storage by scrap conveyors. The 

combustion in the Coal and Ash circuit is controlled by regulating the speed and the quality of 

coal entering the grate and the damper openings. 

 

Air and Gas Circuit 
 

Air from the atmosphere is directed into the furnace through the air preheated by the 

action of a forced draught fan or induced draught fan. The dust from the air is removed before it
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enters the combustion chamber of the thermal power plant layout. The exhaust gases from the 

combustion heat the air, which goes through a heat exchanger and is finally let off into the 

environment. 

 

Feed Water and Steam Circuit 
 

The steam produced in the boiler is supplied to the turbines to generate power. The 

steam that is expelled by the prime mover in the thermal power plant layout is then condensed 

in a condenser for re-use in the boiler. The condensed water is forced through a pump into the 

feed water heaters where it is heated using the steam from different points in the turbine. To make 

up for the lost steam and water while passing through the various components of the thermal 

power plant layout, feed water is supplied through external sources. 

 

Cooling Water Circuit 
 

The quantity of cooling water required to cool the steam in a thermal power plant layout 

is significantly high and hence it is supplied from a natural water source like a lake or a river. 

After passing through screens that remove particles that can plug the condenser tubes in a thermal 

power plant layout, it is passed through the condenser where the steam is condensed. The water 

is finally discharged back into the water source after cooling. Cooling water circuit can also be a 

closed system where the cooled water is sent through cooling towers for re-use in the power plant. 

The cooling water circulation in the condenser of a thermal power plant layout helps in 

maintaining a low pressure in the condenser all throughout.
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Figure: Layout of a steam power plant. 
 

All these circuits are integrated to form a thermal power plant layout that generates 

electricity to meet our needs. 

 

2. Draw and explain the working of magneto hydro dynamic (MHD) power plants 
 

(Nov/Dec 2004) 
 

MHD power generation is a new system of electric power generation which is said to be 

of high efficiency and low pollution. In advanced countries MHD generator are widely used but 

in developing countries like India it is still under construction . This construction work is in 

progress at Tiruchirapalli in Tamilnadu under joint efforts of BARC (Bhabha Atomic Research 

Centre), BHEL, Associated Cement Corporation and Russian technologists.
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As its name implies, magneto-hydro-dynamic (MHD) is concerned with the flow of 

conducting fluid in presence of magnetic and electric field. This fluid may be gas at elevated 

temperature or liquid metal like sodium or potassium. 

 

A MHD generator is a device for converting heat energy of fuel directly into electric 

energy without a conventional electric generator. The basic difference between conventional 

generator and MHD generator is in the nature of conductor. 

 

Principle of MHD Power Generation 
 

 
 

 

When an electric conductor moves across a magnetic field; an emf is induced in it, 

which produced an electric current. This is the principle of the conventional generator also, where 

the conductors consists of copper strips. 

 

In MHD generator the solid conductors are replaced by a gaseous conductor; i.e.an ionized 

gas. If such gas is passed at high velocity through a powerful magnetic field, a current is generated 

and can extract by placing electrodes in a suitable position in the stream.
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LAYOUT OF MHD POWER PLANT 
 

 
 

 

A MHD conversion is known as direct energy conversion because it produces 

electricity directly from heat source without the necessity of the addition al stage of steam 

generation as in a steam power plant. An ionized gas is employed as a conducting field. 

Ionization is produced either by thermal means i.e. by an elevated temperature or by seeding 

with substance like cesium or potassium vapour which ionize at relatively low temperature. 

 

The atom of seed element split off electrons. The presence of negatively charge 

electrons make the carrier gas an electrical conductor. 

 

3. Draw and explain the working of combined power cycles 
 

In electric power generation a combined cycle is an assembly of heat engines that work 

in tandem off the same source of heat, converting it into mechanical energy, which in turn usually 

drives electrical generators. The principle is that the exhaust of one heat engine is used as the 

heat source for another, thus extracting more useful energy from the heat, increasing the
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system's overall efficiency. This works because heat engines are only able to use a portion of 

the energy their fuel generates (usually less than 50%). 

 

The objective of this approach is to use all of the heat energy in a power system at the 

different temperature levels at which it becomes available to produce work, or steam, or the 

heating of air or water, thereby rejecting a minimum of energy waste. The best approach is the 

use of combined cycles. There may be various combinations of the combined cycles depending 

upon the place or country requirements. Even nuclear power plant may be used in the combined 

cycles. 

 

GT-ST Combined Power plants 
 

 

It has been found that a considerable amount of heat energy goes as a waste with the 

exhaust of the gas turbine. This energy must be utilized. The complete use of the energy available 

to a system is called the total energy approach. The remaining heat (e.g., hot exhaust fumes) from 

combustion is generally wasted. Combining two or more thermodynamic cycle‟s results in 

improved overall efficiency, reducing fuel costs. In stationary power plants, a successful, 

common combination is the Brayton cycle (in the form of a turbine burning natural gas or 

synthesis gas from coal) and the Rankine cycle (in the form of a steam power plant). Multiple 

stage turbine or steam cylinders are also common.
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ST-MHD Combined Power plants 

 
 

 
 

 

4. A. Draw and explain the working of boilers, B. Classification of Boilers and C. High 

pressure boilers. (Nov/Dec 2009) 

 

Boiler is an apparatus to produce steam. Thermal energy released by combustion of fuel 

is  transferred  to  water,  which  vaporizes  and  gets  converted  into  steam  at  the  desired 

temperature and pressure. 

 

The steam produced is used for: 
 

Producing mechanical work by expanding it in steam engine or steam turbine. 

 Heating the residential and industrial buildings. 

Performing certain processes in the sugar mills, chemical and textile industries.
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Boiler is a closed vessel in which water is converted into steam by the application of heat. 
 

Usually boilers are coal or oil fired. A boiler should fulfill the following requirements; 
 

 
 

 Safety. The boiler should be safe under operating conditions. 
 

 

Accessibility. The various parts of the boiler should be accessible for repair and 

maintenance. 

Capacity. The boiler should be capable of supplying steam according to the 

requirements. 

 
Efficiency. To permit efficient operation, the boiler should be able to absorb a 

maximum amount of heat produced due to burning of fuel in the furnace. 

 

It should be simple in construction and its maintenance cost should be low. 

 Its initial cost should be low. 

The boiler should have no joints exposed to flames. 
 

 

The boiler should be capable of quick starting and loading. 
 
 

The performance of a boiler may be measured in terms of its evaporative capacity also 

called power of a boiler. It is defined as the amount of water evaporated or steam produced 

is in kg per hour. It may also be expressed in kg per kg of fuel burnt. 

 

B. Classification of Boilers 
 

The boilers can be classified according to the following criteria. 

According to flow of water and hot gases. 

1. Water tube.
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2. Fire tube. 
 

 

In water tube boilers, water circulates through the tubes and hot products of combustion 

flow over these tubes. In fire tube boiler the hot products of combustion pass through the tubes, 

which are surrounded, by water. 

 

Fire tube boilers have low initial cost, and are more compacts. But they are more likely to 

explosion, water volume is large and due to poor circulation they cannot meet quickly the 

change in steam demand. For the same output the outer shell of fire tube boilers is much larger 

than the shell of water-tube boiler. Water tube boilers require less weight of metal for a given size, 

are less liable to explosion, produce higher pressure, are accessible and can response quickly to 

change in steam demand. 

 

Tubes and drums of water-tube boilers are smaller than that of fire-tube boilers and due 

to smaller size of drum higher pressure can be used easily. Water-tube boilers require lesser 

floor space. The efficiency of water-tube boilers is more. 

 

1. According to position of furnace. 
 

 

(i) Internally fired (ii) Externally fired 
 

 

2. According to the position of principle axis. (i) Vertical (ii) Horizontal (iii) Inclined. 
 

 

3. According to application. 
 

 

(i) Stationary (ii) Mobile, (Marine, Locomotive). 
 

 

4. According to the circulating water. 
 

 

(i) Natural circulation (ii) Forced circulation. 
 

 

5. According to steam pressure.
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(i) Low pressure (ii) Medium pressure (iii) Higher pressure. 
 
 

C. High pressure boilers 
 

A boiler is a closed vessel in which water or other fluid is heated. The heated or vaporized 

fluid exits the boiler for use in various processes or heating applications. 

 
 

In all modern power plants, high pressure boilers (> 100 bar) are universally used as 

they offer the following advantages. In order to obtain efficient operation and high capacity, 

forced circulation of water through boiler tubes is found helpful. 

 

1. The efficiency and the capacity of the plant can be increased as reduced quantity of steam is 

required for the same power generation if high pressure steam is used. 

 

2. The forced circulation of water through boiler tubes provides freedom in the arrangement of 

furnace and water walls, in addition to the reduction in the heat exchange area. 

 

3. The tendency of scale formation is reduced due to high velocity of water. 
 

 

4. The danger of overheating is reduced as all the parts are uniformly heated. 
 

 

5. The  differential  expansion  is  reduced  due  to  uniform  temperature  and  this  reduces  the 

possibility of gas and air leakages. 

 
Superheater operation is similar to that of the coils on an air conditioning unit, although 

for a different purpose. The steam piping is directed through the flue gas path in the boiler furnace. 

The temperature in this area is typically between 1,300–1,600 degrees Celsius.
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While the temperature of the steam in the superheater rises, the pressure of the steam 

does not. Almost all the steam superheater systems are designed to remove droplets entrained in 

the steam to prevent damage to the turbine blading and associated piping. 

 

5. Draw and explain the working of la-Mont boiler (Nov/Dec 2005) 
 

It is a forced circulation- water tube boiler which was first introduced in 1925 by La 

Mont 
 

 
 

 

The feed water from hot well is supplied to a storage and separating drum (boiler) 
 

through the economizer. Most of the sensible heat is supplied to the feed water passing through
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the economizer. A pump circulates  the water at a rate 8 to 10 times  the mass of steam 

evaporated. This water is circulated through the evaporator tubes and the part of the vapour is 

separated in the separator drum. The large quantity of water circulated (10 times that of 

evaporation) prevents the tubes from being overheated. 

 

The centrifugal pump delivers the water to the headers at a pressure of 2.5 bar above 

the drum pressure. The distribution headers distribute the water through the nozzle into the 

evaporator. The steam separated in the boiler is further passed through the super-heater. To secure 

a uniform flow of feed water through each of the parallel boiler circuits a choke is fitted entrance 

to each circuit. These boilers have been built to generate 45 to 50 tons of superheated steam at a 

pressure of 120 bar and temperature of 500°C. 

 

Important Components 
 

 
 

1.   Steam separating drum – The feed water from the hot well is stored in the drum. The 

steam is separated from water in the drum and the steam is usually collected at the top of 

the drum. 

2.   Circulating pump – Water from the steam separating drum is drawn by a circulating 

pump and it circulates water through the evaporator tubes. Pump circulates water at a 

rate of 8-10 times the mass of steam evaporated. Forced circulation is necessary to prevent 

the overheating of tubes. 

3.   Distribution header – The distribution header distributes the water through the nozzle 

into the evaporator. 

4.   Radiant evaporator – Water from the drum first enters the radiant evaporator through the 

pump  and  header.  The  water  is  heated  by the  radiation  heat  from  the  combustion 

chamber. In radiant evaporator, the hot flue gases do not pass over the water tubes.
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5.   Convective evaporator – The mixture of water and steam coming out from the radiant 

evaporator enters the convective evaporator tubes. The hot flue gases passing over the 

evaporator tubes transfer a large portion of heat to the water by convection. Thus, water 

becomes steam and the steam enters to the steam separating drum. 

 

6.   Superheater – The steam from the steam separating drum enters the superheater tubes 

where it is superheated by the hot flue gases passing over them. The superheated steam 

then enters the steam turbine to develop power. 

7.   Economiser – The waste hot flue gases pass through the economiser where feed water is 

pre-heated. By pre-heating the feed water, the amount of fuel required to convert water 

into steam is reduced. 

8.   Air pre-heater – The hot flue gases then passes through the air pre-heater where the air 

required for combustion is pre-heated. 

Advantages 
 

1.   La-Mont boilers can generate 45 to 50 tons of superheated steam at a pressure of 120 bar 

and temperature of 500°C. 

2.   Drum is of small size. 
 

 

3.   Tendency of scale formation is eliminated due to forced circulation of water. 

Disadvantages 
 

1.   Bubbles are formed on the inside of the water tubes and bubbles reduce the heat transfer 

rate. 

2.   Initial and operating costs are high. 

3.   Maintenance costs are very high. 

6. Draw and explain the working of Benson Boiler (Supercritical Boiler) (Apr 2004) 
The main difficulty experienced in the La Mont boiler is the formation and attachment 

 

of bubbles on the inner surfaces of the heating tubes. The attached bubbles reduce the heat flow 

and steam generation as it offers higher thermal resistance compared to water film. Benson of 

siemens-West Germany in 1922 argued that if the boiler pressure was raised to critical pressure
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(225 atm.), the steam and water would have the same density and therefore the danger of bubble 

formation can be completely removed. 

 

Important Components 
 

1.   Economiser – The feed water from the well passes through the economiser where it is 

pre-heated by the pre-heat of exhaust hot flue gases. 

2.   Radiant evaporator – The feed water after circulation through the economiser flows 

through the radiant evaporator tubes. Water is heated up by the radiation heat from the 

combustion chamber. Here, part of the water is converted to steam directly. 

 

3.   Convective evaporator – The mixture of water and steam coming out from the radiant 

evaporator enters the convective evaporator tubes. The hot flue gases passing over the 

evaporator tubes transfer a large portion of heat to the water by convection. 

 

4.   Superheater – The steam from the convective evaporator enters the superheater tubes 

where it is superheated by the hot flue gases passing over them. The superheated steam 

then enters the steam turbine to develop power. 
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5.   Air pre-heater – The hot flue gases then passes through the air pre-heater where the air 

required for combustion is pre-heated. 

Advantages 
 

1.   As there is no drum, the total weight of Benson boiler is 20% less than other 

boilers. This reduces the cost of the boiler. 

 

2.   Floor space requirements of Benson boiler are very less. 
 

 

3.   Transportation of Benson boiler parts and its erection is very easy as there are no drums. 
 

 

4.   Natural circulation boilers require expansion joints in pipes but the pipes in Benson 

boilers are welded. 

 

Disadvantages
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1.   As the Benson boiler operates at high pressure and temperature, special alloy materials 

are required. 

 

2.   Maintenance costs are very high. 
 

 

3.   This is more efficient, resulting in slightly less fuel use. 
 

 

The term "boiler" should not be used for a supercritical pressure steam generator, as no 
 

"boiling" actually occurs in this device. 
 

7. Draw and explain the working of Fluidised Bed Combustion (FBC) (Nov/Dec 2005) 
 

Burning of pulverised coal has some problems such as particle size of coal used in 

pulverized firing is limited to 70-100 microns, the pulverised fuel fired furnaces designed to 

burn a particular cannot be used other type of coal with same efficiency, the generation of high 

temp. about (1650 C)in the furnace creates number of problems like slag formation on super 

heater, evaporation of alkali metals in ash and its deposition on heat transfer surfaces, formation 

of SO2 and NOX in large amount. 

 

Fluidised Bed combustion system can burn any fuel including low grade coals (even 

containing 70% ash), oil, gas or municipal waste. Improved desulphurisation and low NOX 

emission are its main characteristics. The fuel and inert material dolomite are fed on a distribution 

plate and air is supplied from the bottom of distribution plate. The air is supplied at high velocity 

so that solid feed material remains in suspension condition during burning. 

 
 

The heat produced is used to heat water flowing through the tube and convert water into steam. 

During burning SO2 formed is absorbed by the dolomite and thus prevents its escape with the 

exhaust gases. The molten slag is tapped from the top surface of the bed
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The bed temperature is nearly 800-9000C which is ideal for sulphur retention addition of 

limestone or dolomite to the bed brings down SO2 emission level to about 15% of that in 

conventional firing methods 

 

Various advantages of FBC system are as follows: 
 

1.   FBC system can use any type of low grade fuel including municipal wastes and 

therefore is a cheaper method of power generation. 

 

2.   It is easier to control the amount of SO2 and NOX, formed during burning. Low 

emission of SO2 and NOX will help in controlling the undesirable effects of SO2 

and NOX. During combustion. SO2 emission is nearly 15% of that in conventional 

firing methods.
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3.   There is a saving of about 10% in operating cost and 15% in the capital cost of the 

power plant. 

 

4.   The size of coal used has pronounced effect on the operation and performance of 

FBC system. The particle size preferred is 6 to 13 mm but even 50 mm size coal can 

also be used in this system. 

 
 

8.  Explain the working of Surface condensers with advantages and disadvantages? a) Down 

flow b) Central flow c) E v a p o r a t i v e ( D e c 2 0 1 4 ) 

Surface Condenser: 
 

In surface condensers there is no direct contact between the steam and cooling water 

and the condensate can be re-used in the boiler. In such a condenser even impure water can be 

used for cooling purpose whereas the cooling water must be pure in jet condensers. 

 

Although the capital cost and the space needed is more in surface condensers but it is 

justified b the saving in running cost and increase in efficiency of plant achieved by using this 

condenser. Depending upon the position of condensate extraction pump, flow of condensate and 

arrangement of tubes the surface condensers may be classified as follows: 

 

1.   Down flow condenser 

2.   Central flow condenser 

3.   Evaporative condenser 

1. Down flow condenser: 
 

 
 

 

Figure: Sectional views of down flow condenser.
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Figure shows a sectional view of down flow condenser. Steam enters at the top and 

flows downward. The water flowing through the tubes in one direction lower half comes out in 

the opposite direction in the upper half. In this type of condenser, the cooling water and exhaust 

steam do not come in direct contact with each other as in case of jet condensers. This is 

generally used where large quantities of inferior water are available and better quantity of feed 

water to the boiler must be used most economically. 

 

The arrangement of the surface condenser is shown in figure. It consists of cast iron air- 

tight cylindrical shell closed at each end as shown in figure. A number of water tubes are fixed 

in the tube plates which are located between each cover head and shell. 

 
 
 
 
 
 
 
 
 
 
 

 
Figure: Surface The exhaust steam from the prime mover enters at the top of the 

condenser and surrounds the condenser tubes through which cooling water is circulated under 

force.The steam gets condensed as it comes in contact with cold surface of the tubes. The 

cooling water flows in one direction through the first set of the tubes situated in the lower half 

of condenser and returns in the opposite direction through the second set of the condenser is 

discharged into the river or pond. The condensed steam is taken out from the condenser by a 

separate extraction pump and air is removed by an air pump. 

 

2. Central flow condenser. 
 

Figure shows a central flow condenser. In this condenser the steam passages are all 

around the periphery of the shell. Air is pumped away from the centre of the condenser. The
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condensate moves radially towards the centre of the tube next. Some of the exhaust steam which 

moving towards the centre meets the under cooled condensate and pre-heats it thus reducing 

under cooling. 

 
 

 
 

Figure: Central flow condenser 
 

3. Evaporative condenser 
 

In this condenser steam to be condensed in passed through a series of tubes and the cooling 

water falls over these tubes in the form of spray. A steam of air flows over the tubes to increase 

evaporation of cooling water which further increases the condensation of steam 

 

These condensers are more preferable where acute shortage of cooling water exists. The 

arrangement of the condenser is shown in figure. Water is sprayed through the nozzles over the 

pipe carrying exhaust steam and forms a thin film over it. The air is drawn over the surface of 

the coil with the help of induced fan as shown in figure. The air passing over the coil carries the 

water from the surface of condenser coil in the form of vapour. 
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The latent heat required for the evaporation of water vapour is taken from the water film 

formed on the condenser coil and drops the temperature of the water film and this helps for heat 

transfer from the steam to the water. This mode of heat transfer reduces the cooling water 

requirement of the condenser to 10% of the requirement of surface condensers. The water particles 

carried with air due to high velocity of air are removed with the help of eliminator as shown in 

the figure. The make-up water (water vapour and water particles carried with air) is supplied from 

outside source. 

 

9. Draw and explain construction and working principle of cooling towers.  And explain 

one – Through system, closed circuit system.      (Apr 2006) 
 

Introduction 
 

In the power industry, energy in the form of heat is transformed to energy in the form of 

electricity. Unfortunately, this transformation is not accomplished on a one-to-one ratio. 

Although designers continuously seek newer and better ways to improve overall system 

efficiency, considerably more units of heat must be input that are realized as equivalent units of 

electric output. System equilibrium requires that this excess heat be dissipated ultimately to the 

atmosphere. 

 

The  traditional  vehicle  used  to  transport  the  lion‟s  share  of  this  waste  heat  to 

atmospheric is water, using the principle of evaporation as the primary mechanism of heat 

transfer. Where available and ecologically acceptable, water from rivers, lakes, or oceans is 

often used on a once-through bases, schematically shown in figure. Taken from the river, water 

absorbs heat from the steam condenser and returns to the river (at an elevated temperature) 

downstream from its point of extraction.
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In an increasing number of cases, because of qualitative and quantitative restrictions 

regarding the use of natural waterways, plant make use of a closed circuit system typical of that 

depicted in figure. As shown, the system‟s dependence on the river is limited to the requirement 

for a supply of makeup water and, perhaps, as a point of discharge of blow down. In these cases, 

the entire heat loads are dissipated by cooling towers, at the variety, application and operation of 

which are the subject of this chapter 

 

10. Draw and Explain the various steps involved in coal handling? (Apr 2011, 09) 
 

Fuel Handling System 
 

Coal delivery equipment is one of the major components of plant cost. The various 

steps involved in coal handling are as follows:
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1.   Coal delivery. 

2.   Unloading 

3.   Preparation 

4.   Transfer 

5.   Outdoor storage 

6.   Covered storage 

7.   Inplant handling 

8.   Weighing and measuring 

9.   Feeding the coal into furnace. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure: Steps involved in fuel handling system 

i) Coal delivery 
 

The coal from supply points is delivered by ships or boats to power stations situated 

near to sea or river whereas coal is supplied by rail or trucks to the power stations which are 

situated away from sea or river. The transportation of coal by trucks is used if the railway facilities 

are not available.
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ii) Unloading 
 

The type of equipment to be used for unloading the coal received at the power station 

depends on how coal is received at the power station. If coal delivered by trucks, there is no 

need of unloading device as the trucks may dump the coal to the outdoor storage. Coal is easily 

handled if the lift trucks with scoop are used. In case the coal is brought by railways wagons, 

ships or boats, the unloading may be done by car shakes, rotary car dumpers, cranes, grab buckets 

and coal accelerators. Rotary car dumpers although costly are quite efficient for unloading closed 

wagons. 

 

(iii) Preparation 
 

When the coal delivered is in the form of big lumps and it is not of proper size, the 

preparation (sizing) of coal can be achieved by crushers, breakers, sizers, driers and magnetic 

separators. 

 

iv)Transfer 
 

After preparation coal is transferred to the dead storage by means of the following 

systems. 
 

1.   Belt conveyors 

2.   Screw conveyors 

3.   Bucket elevators 

4.   Grab bucket elevators 

5.   Skip hoists 

6.   Flight  conveyor 
 

 

v).Storage of Coal 
 

It is desirable that sufficient quantity of coal should be stored. Storage of coal gives 

protection against the interruption of coal supplies when there is delay in transportation of coal 

or due to strike in coal mines. Also when the prices are low, the coal can be purchased and stored 

for future use. The amount of coal to be stored depends on the availability of space for storage,
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transportation facilities, the amount of coal that will whether away and nearness to coal mines of 

the power station. 

 

Usually coal required for one month operation of power plant is stored in case of power 

stations are situated at longer distance from the collieries whereas coal need for about 15 days is 

stored in case of power station situated near to collieries. Storage of coal for longer periods is not 

advantageous because it blocks the capital and results in deterioration of the quality of coal. 

 

11. Write short notes of pulverized coal handing system? Pulverized Fuel Handling 
 

System:(Dec 2009) 
 

 

Periodically a power plant may encounter the situation where coal must be stored for 

sometimes in a bunker, for instance during a plant shut down. The bunker, fires can occur in 

dormant pulverized coal from spontaneous heating within 6 day of loading. This time can be 

extended to 13 days when a blanket of CO2 is piped into the top of the bunker. 

 

 
 

 

The perfect sealing of the bunker from air leakage can extend the storage time as two 

months or more. The coal in the bunker can be stored as long as six months by expelling air from 

above the coal with the use of CO2 and then blanketing of all sources of air. A control system used 

for storing the pulverized fuel in bunker is shown in figure.
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In this mill the coal passes between the rotating elements again and again until it has 

been  pulverized  to  desired  degree  of  fineness.  The  coal  is  crushed  between  two  moving 

surfaces, namely, balls and races. The upper stationary race and lower rotating race driven by a 

worm and gear hold the balls between them. The raw coal supplied falls on the inner side of the 

races. The moving balls and races catch coal between them to crush it to a powder. The necessary 

force needed for crushing is applied with the help of springs. The hot air supplied picks up the 

coal dust as it flows between the balls and races and then enters the classifier. Where oversized 

coal particles are returned for further grinding. Whereas the coal particles of required size are 

discharged from the top of classifier. 

 

12. Explain the Layout of Ash handling system (Apr 2010) 

Ash Handling System: 

Boilers burning pulverized coal (PC) have bottom furnaces. The large ash particles are 

collected under the furnace in a water-filled ash hopper, Fly ash is collected in dust collectors 

with either an electrostatic precipitator or a bag house. A PC boiler generates approximately 

80% fly ash and 20% bottom ash. Ash must be collected and transported from various points of 

the plants as shown in figure. Pyrites, which are the rejects from the pulverizers, are disposed 

of with the bottom ash system. Three major factors should be considered for ash disposal systems. 

 

1.   Plant site 
 

 

2.   Fuel source 
 

 

3.   Environmental regulation 

Needs for water and land are important considerations for many ash handling systems. Ash 

quantities to be disposed of depend on the king of fuel source. Ash storage and disposal sites 

are guided by environmental regulations.
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The sluice conveyor system is the most widely used for bottom ash handling, while the 

hydraulic vaccum conveyor (figure) is the most frequently used for fly systems. 

 

 

 
 
 

Figure: Layout of ash collection and transportation 
 

 

 
 

Figure: Layout of ash handling system.
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Bottom and slag may be used as filling material for road construction. Fly ash can partly 

replace cement for making concrete. Bricks can be made with fly ash. These are durable and 

strong. 

 

13. Write short notes of Ash handling Equipment 
 

Ash Handling Equipment: 
 

Mechanical means are required for the disposal of ash. The handling equipment should 

perform the following functions: 

 

1. Capital investment, operating and maintenance charges of the equipment should be low. 
 

 

2. It should be able to handle large quantities of ash. 
 

 

3. Clinkers, shoot, dust etc. create troubles. The equipment should be able to handle them 

smoothly. 

 

4.The equipment used should remove the ash from the furnace, load it to the conveying system 

to deliver the ash to dumping site or storage and finally it should have means to dispose of the 

stored ash. 

 

5. The equipment should be corrosion and wear resistant. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure: Ash handling equipment
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14. Draw and Explain the a) Forced Draught, b) Induced Draught, c) Balanced Draught 
 

Artificial Draught (Dec 2014) 
 

It has been seen that the draught produced by chimney is affected by the atmospheric 

conditions. It has no flexibility, poor efficiency and tall chimney is required. In most of the 

modern power plants, the draught used must be independence of atmospheric condition, and it 

must have greater flexibility (control) to take the fluctuating loads on the plant. 

Today‟s large steam power plants requiring 20 thousand tons of steam per hour would 

be impossible to run without the aid of draft fans. A chimney of an reasonable height would be 

incapable of developing enough draft to remove the tremendous volume of air and gases (400 ×

3 m3 to 
10 

 

 

800 × 10 
3 m3 per 

 

 

minutes).           The further advantage of fans is to reduce

 

 

the height of the chimney needed. The draught required in actual power plant is sufficiently 

high (300 mm of water) and to meet high draught requirements, some 

 

other system  must  be used,  known  as  artificial  draught.   The  artificial   draught   is 

produced  by a fan  and  it  is  known  as  fan  (mechanical)    draught. Mechanical draught 

is preferred for central power stations. 

Forced Draught 
 

In a forced draught system, a blower is installed near the base of the boiler and air is 

forced to pass through  the furnace, flues,  economizer, air-preheater and to the stack.This 

draught system is known as positive draught system or forced draught system because the 

pressure and air is forced to flow through the system. The arrangement of the system is shown 

in figure. A stack or chimney is also in this system as shown in figure but its function is to 

discharge gases high in the atmosphere to prevent the contamination. It is not much significant 

for producing draught therefore height of the chimney may not be very much.
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Induced Draught: 

Figure: Forced draught

 

In this system, the blower is located near the base of the chimney instead of near the grate. 

The air is sucked in the system by reducing the pressure through the system below atmosphere. 

The induced draught fan sucks the burned gases from the furnace and thepressure inside the 

furnace is  reduced          below  atmosphere  and  induces       the    atmospheric  air to  flow  

through  the furnace.          The action of the induced draught is similar to the action 

 

of the chimney.   The draught produced   is  independent  of   the  temperature of  the  hot 

gases  therefore the  gases  may be discharged      as cold as      possible after recovering as 

much heat as possible in air-preheater     and economizer. 

 
 

 

This draught is used generally when economizer and air-preheater are incorporated in 

the system. The fan should be located at such a place that the temperature of the gas handled by
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the fan  is  lowest.  The chimney is  also  used in  this  system  and  its  function  is  similar as 

mentioned in forced draught but total draught produced in induced draught system is the sum of 

the draughts produced by the fan and chimney. The arrangement of the system is shown in 

figure. 

 

Balanced Draught: 
 

It is always preferable to use a combination of forced draught and induced draught 

instead of forced or induced draught alone. 

 

If the forced draught is used alone, then the furnace cannot be opened either for firing or 

inspection because the high pressure air inside the furnace will try to blow out suddenly and there 

is every chance of blowing out the fire completely and furnace stops.If the induced draught 

is used alone, then also furnace cannot be opened either for firing or inspection because the cold  

air  will  try to  rush into  the furnace  as  the pressure inside  the furnace  is  below atmospheric 

pressure. This reduces the effective draught and dilutes the combustion. 

 
 
 

To overcome both the difficulties mentioned above either using forced draught or 

induced draught alone, a balanced draught is always preferred. The balanced draught is 

a combination  of  forced and  induced  draught.  The  forced  draught  overcomes  the 

resistance of the fuel bed there fore sufficient air is supplied to the fuel bed for proper 

and  complete  combustion.  The  induced  draught  fan  removes  the  gases  from  the 

furnace maintaining the pressure in the furnace just below atmosphere. This helps to 

prevent the blow – off of flames when the doors are opened as the leakage of air is 

inwards


