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STEAM GENERATOR

v In simple a boiler may be defined as a closed vessel in which steam is produced from water by 
combustion of fuel. According to American Society of Mechanical Engineers (A.S.M.E.) a 
‘steam generating unit’ is defined as : “A combination of apparatus for producing, furnishing 
or recovering heat together with the apparatus for transferring the heat so made available to 
the fluid being heated and vapourised”. 
The steam generated is employed for the following purposes : 
(i) For generating power in steam engines or steam turbines. 
(ii) In the textile industries for sizing and bleaching etc., and many other industries like sugar 
mills ; chemical industries. 
(iii) For heating the buildings in cold weather and for producing hot water for hot water 
supply. 
The primary requirements of steam generators or boilers are : 
(i) The water must be contained safely. 
(ii) The steam must be safely delivered in desired condition (as regards its pressure, 
temperature, quality and required rate).
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CLASSIFICATION OF BOILERS

v The boilers may be classified as follows : 
1. Horizontal, Vertical or Inclined 
If the axis of the boiler is horizontal, the boiler is called as horizontal, if the axis is 
vertical, it is called vertical boiler and if the axis is inclined it is known as inclined boiler. 
The parts of a horizontal boiler can be inspected and repaired easily but it occupies 
more space. The vertical boiler occupies less floor area. 

• 2. Fire Tube and Water Tube 
In the fire tube boilers, the hot gases are inside the tubes and the water surrounds the 
tubes. Examples : Cochran, Lancashire and Locomotive boilers. In the water tube 
boilers, the water is inside the tubes and hot gases surround them. Examples : Babcock 
and Wilcox, Stirling, Yarrow boiler etc. 
3. Externally Fired and Internally Fired 
The boiler is known as externally fired if the fire is outside the shell. Examples : 
Babcock and Wilcox boiler, Stirling boiler etc. In case of internally fired boilers, the 
furnace is located inside the boiler shell. Examples : Cochran, Lancashire boiler etc.
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4. Forced Circulation and Natural Circulation 
In forced circulation type of boilers, the circulation of water is done by a forced pump. 
Examples : Velox, Lamont, Benson boiler etc. In natural circulation type of boilers, 
circulation of water in the boiler takes place due to natural convention currents 
produced by the application of heat. Examples : Lancashire, Babcock and Wilcox 
boiler etc. 
5. High Pressure and Low Pressure Boilers 
The boilers which produce steam at pressures of 80 bar and above are called high 
pressure boilers. Examples : Babcock and Wilcox, Velox, Lamont, Benson boilers. The 
boilers which produce steam at pressure below 80 bar are called low pressure boilers. 
Examples : Cochran, Cornish, Lancashire and Locomotive boilers. 
6. Stationary and Portable 
Primarily, the boilers are classified as either stationary (land) or mobile (marine and 
locomotive). 
— Stationary boilers are used for power plant-steam, for central station utility power 
plants, for plant process steam etc. 
— Mobile boilers or portable boilers include locomotive type, and other small units 
for temporary use at sites (just as in small coal-field pits). 
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7. Single Tube and Multi-tube Boilers 
The fire tube boilers are classified as single tube and multi-tube boilers, 
depending upon whether the fire tube is one or more than one. The 
examples of the former type are cornish, simple vertical boiler and rest of 
the boilers are multi-tube boilers.
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COMPARISON BETWEEN FIRE TUBE AND WATER TUBE BOILERS 
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Important terms for Boiler or Principal Parts and their 
Functions 

Shell. The shell of a boiler consists of one or more steel plates bent into a 
cylindrical form and riveted or welded together. The shell ends are closed 
with the end plates.

 
Setting. The primary function of setting is to confine heat to the boiler and 
form a passage for gases. It is made of brickwork and may form the wall of 
the furnace and the combustion chamber. It also provides support in some 
types of boilers (e.g., Lancashire boilers). 

Grate. It is the platform in the furnace upon which fuel is burnt and it is 
made of cast iron bars. The bars are so arranged that air may pass on to the 
fuel for combustion. The area of the grate on which the fire rests in a coal or 
wood fired boiler is called grate surface. 

. 
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Furnace. It is a chamber formed by the space above the grate and 
below the boiler shell, in which combustion takes place. It is 
also called a fire-box. 

Water space and steam space. The volume of the shell that is 
occupied by the water is termed water space while the entire 
shell volume less the water and tubes (if any) space is called 
steam space. 

Mountings. The items such as stop valve, safety valves, water 
level gauges, fusible plug, blow-off cock, pressure gauges, 
water level indicator etc., are termed as mountings and a boiler 
cannot work safely without them
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Accessories. The items such as super-heaters, economisers, 
feed pumps etc., are termed as accessories and they form 
integral part of the boiler. They increase the efficiency of the 
boiler. 

Water level. The level at which water stands in the boiler is 
called water level. The space above the water level is called 
steam space. 

Foaming. Formation of steam bubbles on the surface of boiler 
water due to high surface tension of the water. 

Scale. A deposit of medium to extreme hardness occurring on 
water heating surfaces of a boiler because of an undesirable 
condition in the boiler water. 
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Blowing off. The removal of the mud and other impurities 
of water from the lowest part of  the boiler (where they 
usually settle) is termed as ‘blowing off’.  This is 
accomplished with the help of a blow off cock or valve. 

Lagging. Blocks of asbestos or magnesia insulation 
wrapped on the outside of a boiler shell or steam piping. 

Refractory. A heat insulation material, such as fire brick or 
plastic fire clay, used for such purposes as lining 
combustion chambers.
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v A good boiler should have the following characteristics: 

1. The boiler should have maximum steam generation rate with minimum fuel 
consumption. 
2. It can be started or stopped quickly. 
3. Its initial cost, running and maintenance cost should not be high.
4. Its erection time should be less and its parts 
should be easily dismantable. 
5. The boiler should have reliable controls and safety apparatus. 
6. It should have high rate of heat transfer and better combustion efficiency. 
7. It should be able to accomodate the load variation. 
8. It should occupy less floor space. 
9. It should be trouble free, and require less attention and less maintenance.
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10. It should be free from manufacturing defects. 
1 1. Mud should not get deposited on the heating surface. Soot or scale should 
not be deposited on the tubes. 
12. All parts of the boiler should be accessible for cleaning and inspection. 
13. It should conform to IBR acts.

Sunday, January 16, 
2022

13



v The following factors should be considered, while selecting a boiler: 
1. The steam-generation rate of the boiler at working pressure, 
2. The type of fuel used and its rate of burning, 
3. Availability of fuel and water, 
4. Floor space occupied by the boiler, 
5. The type of load-steady, fluctuating, etc.
6. Initial cost, running cost and maintenance cost of the boiler.
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It is the simplest form of an internal furnace, vertical fire-tube boiler 
as shown in Figure . It is a portable boiler and it requires a small floor space.
The steam rating normally does not exceed 2500 kg per hour and pressure is 
limited to 1O bar.
Constrnction-:
 It consists of a vertical, cylindrical shell, equipped with a fire box in the 
bottom, water space in the middle and steam space in the upper portion. The 
grate is placed at the bottom of the fire box and coal is fired in the fire box. An 
ash pit is located at the bottom of the grate to collect the ash of burnt coal, 
which is periodically removed.
One or more cross tubes are either flanged or riveted to the water space and 
are located in the fire box to increase the heating surface area and to improve 
the water circulation. A short chimney is connected at the top of the fire box to 
discharge the waste flue gases at some greater height. Man hole and hand 
holes are provided for cleaning the interior of the boiler shell and cross tubes.
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The boiler consists of a pressure gauge, water level indicator, safety 
valve, steam stop valve and a man hole as mountings to provide safety and 
ease of working.
Working -
Fuel burns on the grate in the fire box. The resulting hot flue gases are allowed 
to pass around the cross tubes. The water surrounding the cylindrical fire box 
also receives heat by convection and radiation. Thus steam is produced. The 
water circulation in the boiler depends on the density difference in the water, 
created by temperature difference in the water.
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               FIRETUBE BOILER
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v Construction and Operation It is a vertical, coal_x0002_or oil-fired, fire-
tube boiler. It is the modification of a simple vertical boiler with increase in 
the heating surface area. The flue gases from the furnace are passed 
through a number of small tubes surrounded by water. 

As shown in Figure, a Cochran boiler consists of a cylindrical shell 
with a hemispherical crown, grating, fire box, combustion chamber, number of 
smoke tubes, smoke box, chimney and various mountings. The grate is placed 
at the bottom of the hemispherical furnace. The coal is fed into the grate 
through the fire door and ash formed is collected in the ash pit located just 
below the grate, and then it is removed manually.
Working- 
The fuel is burnt on grating. The hot_x0002_flue gases pass through a short 
flue to a combustion chamber, small horizontal smoke tubes and are then 
collected in the smoke box, from where they are discharged to the atmosphere 
through the chimney.
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The heat is transferred to water by radiation through the dome of the 
fire place and by convection from the walls of the smoke tubes. On heating, 
the water is vaporised and converted into steam. The generated steam is 
collected in the steam space above the water. This steam is then taken for use 
through the main steam stop valve.

The man hole is provided in the the crown of boiler for periodic 
cleaning and maintenance. A mud hole is provided at the bottom for draining 
out the muddy water from the boiler. The pressure gauge, water gauge, blow 
off cock, feed check valve, feed pump, fusible plug and chimney are provided 
for proper functioning of the boiler.

The Cochran boilers are made in sizes from 1 m to 3 m in diameter, 
2m to 6 m heigh. Its steam generation rate is approximately 3600 kg/h with 
working pressure limited to l l bar.
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v Salient Features 
1. The spherical crown and spherical shape of a fire box are the special 
features of this boiler. These shapes require least material for a given volume. 
2. It is very compact and requires minimum floor area. 
3. Any type of fuel can burn in the boiler. 
4. It is well suited for small industries. 
5. It gives about 70% thermal efficiency with coal firing.
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v It is a horizontal, internally fired, fire tube, natural circulation, stationary 
boiler. It is a widely used boiler due to its good steam-generation capacity. 
This boiler can also be used for power generation at a moderate steam 
pressure of 15 bar.

v Construction- 
As shown in Figure, the boiler consists of a large shell supported by 

refractory brick masonry. The cylindrical shell is usually 2 to 3 m in diameter 
and 7 to 9 m long. Two large, horizontal and parallel flue gas tubes pass 
through shell. The fire place is located in front of the flue tubes. In brick work, 
a flue passage A below the boiler shell, two flue passages B and C at the sides 
of boiler are formed. The flue passages B and C are connected to a chamber 
and then to the chimney. 

The dampers in the form of sliding doors are located at the end of 
side flues to control the flow of gases. They regulate the combustion rate as 
well as steam-generation rate. These dampers are operated by a chain passing 
over a pulley at the front of the boiler.
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The boiler is also provided with usual mountings like pressure gauge, 
water level indicator, steam stop valve, safety valve, low water and high steam 
safety valve, man hole on the top of the shell. The Llned with fire brick low 
water and high steam alarm gives an audio signal for low water level and high 
steam pressure. The blow off cock, and feed check valve are also provided in 
front of the boiler and the fusible plug is provided in the main flues just over 
the grates to prevent the overheating of boiler tubes by extinguishing the fire, 
when water level falls below a particular level.
Working -

The fuel is burnt at the grating and the hot gases travel along internal 
flue tubes followed by flue passage A and then in side passages B and 
C. The flue gases are then collected in the chamber before they lead to the 
atmosphere through a chimney. The hot flue gases transfer its maximum heat 
contents to water during its long passages. The water is converted into steam 
and collected in the steam space in the shell and it is then taken out 
through the steam stop valve for use.
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v Special Features 
l. Its heating surface area per unit volume is considerably large. 
2. Its maintenance is easy. 
3. This boiler can easily handle the load fluctuation to large steam capacity. 
4. It is highly suitable for process industries.
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WATER TUBE BOILERS
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v The babcock and Wilcox boiler is probably the first water tube boiler designed and 
widely used. A schematic of the Babcock and Wilcox boiler 

      B = Baffles Steam Generators 583 is shown in Figure and its construction                
and operation are stated below. 
Construction -
• 1. A horizontal Steam and Water Drum This is the main part of the boiler. It is 

supported by a steel structure at a certain height and is independent of brick works. 
The size of the boiler drum is small as compared with the boiler drum of a fire-tube 
boiler of same capacity. It contains water and steam. All safety and control devices 
are mounted over the boiler drum.

• 2. A Bundle of Steel Tubes The front end of the boiler drum is connected to the 
uptake header (water box) by a short tube and the rear end is connected to the 
downtake header (water box) by a long tube. In between the headers, a number of 
small-diameter steel tubes are fitted at an angle of 5° to 15° with the horizontal 
to promote the water circulation. These steel tubes are arranged in the combustion 
chamber in a zigzag manner so that more surface area of the tube is exposed to hot 
gases.
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3. Combustion Chamber It is the space above the grate, below the front end of 
the drum where combustion of fuel takes place. This chamber is enclosed by 
brickwork and it is lined frominside by fire bricks. Doors are provided to give 
access for cleaning, inspection and repairing. The Combustion chamber is 
divided into three separate compartments by baffles. Thus, the first 
compartment above the furnace is the hottest and the last chamber is of lowest 
temperature. This makes the path of hot gases longer before leaving the boiler 
through the chimney. The superheater is placed between the drum and water 
tubes. During the first turn of the hot gases, the gases are passed over 
superheater tubes. Dampers are provided at the rear end of the chamber to 
regulate the fresh air supply for maintaining proper combustion of fuel.
4. Safety and Control Devices Safety and control devices are called mountings, 
as basically these devices are mount over a boiler drum. These are the safety 
valve, pressure gauge, water-level indicator, feed check valve, steam-stop 
valve, blow of cock, fusible plug and man hole.
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Operation -The water is pumped by a feed pump and it enters the drum through the 
feed check valve up to the prespecified level so that the headers and tubes are flooded 
always. When the combustion takes place above the grate, the products of hot gases 
come out and rush through each compartment 
of the combustion chamber. Hence, the front portion of the tubes has highest 
temperature and the rear portion has the lowest. When water is heated inside the tubes, 
it becomes lighter and rises up in the tube. Due to continuous heat supply, some of the 
water gets vaporised into steam inside the tubes and the mixture of water and steam 
enters the boiler drum through the uptake header. The cold water from the boiler drum 
comes down through the downtake header and enters the lower end of the water tubes 
for getting heated further. This natural circulation of water remains continuous due to 
difference in temperature. Such a circulation is called thermosiphon system.

The steam generated gets collected in the steam space above water space in 
the boiler drum. In order to remove all water particles from the steam, it is finally 
passed through the superheater tubes for its superheating. The superheated steam is 
then available for use.
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Special Features -
1. Its evaporating capacity is quite high compared with other boilers (20,000 to 
40,000 kg/h). The operating pressure lies between 1 1. 5 to 17.5 bar. 
2. The draught losses are minimum. 
3. The defective tubes can be replaced easily. 
4. The entire boiler rests on an iron structure, independent of brick structure.
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DEFINITION AND CLASSIFICATION OF 
DRAUGHT

Ø The small pressure difference which causes a flow of gas to take place is 
termed as a draught. The function of the draught, in case of a boiler, is to 
force air to the fire and to carry away the gaseous products of 
combustion. In a boiler furnace proper combustion takes place only 
when sufficient quantity of air is supplied to the burning fuel.
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Function of Draught

Ø The boiler draught performs the following functions: 
1. It forces a sufficient quantity of air into the furnace for proper 
combustion of fuel. 
2. It circulates the hot flue gases through the flue tubes, 
superheater, economiser, air preheater etc. 
3. It discharges the hot flue gases to the atmosphere through the 
chimney
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Forced Draught

Ø In a mechanical draught system, the draught is produced by a fan. 
In a forced draught system, a blower or a fan is installed near or 
at the base of the boiler to force the air through the cool bed and 
other passages through the furnace, flues, air preheater, 
economiser etc. It is a positive pressure draught. The enclosure 
for the furnace etc., has to be very highly sealed so that gases 
from the furnace do not leak out in the boiler house.
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Induced Draught

Ø In this system a fan or blower is located at or near the base of the 
chimney. The pressure over the fuel bed is reduced below that of 
the atmosphere. By creating a partial vacuum in the furnace and 
flues, the products of combustion are drawn from the main flue 
and they pass up the chimney. This draught is used usually when 
economisers and air preheaters are incorporated in the system. 
The draught is similar in action to the natural draught.
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Balanced Draught

Ø It is a combination of the forced and induced draught systems. In this 
system the forced draught fan overcomes the resistance in the air preheater 
and chain grate stoker while the induced draught fan overcomes draught 
losses through boiler, economiser, air preheater andconnecting flues.

The forced draught entails following advantages over induced 
draught :
1. Forced draught fan does not require water cooled bearings.
2. Tendency to air leak into the boiler furnace is reduced.
3. No loss due to in rush of cold air through the furnace doors when they are 
opened for fire and cleaning fires.
4. Fan size and power required for the same draught are 1/5 to 1/2 of that 
required from an induced draught fan installation because forced draught fan 
handles cold air.
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Advantages of Mechanical Draught

The mechanical draught possesses the following advantages :
1. Easy control of combustion and evaporation.
2. Increase in evaporative power of a boiler.
3. Improvement in the efficiency of the plant.
4. Reduced chimney height.
5. Prevention of smoke.
6. Capability of consuming low grade fuel.
7. Low grade fuel can be used as the intensity of artificial draught is high.
8. The fuel consumption per H.P. due to artificial draught is 15% less than that 
for natural draught.
9. The fuel burning capacity of grate is 200 to 300 kg/m2-h with mechanical 
draught whereas it is hardly 50 to 100 kg/m2-h with natural draught.
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BOILER MOUNTINGS

Ø The boiler mountings are the different fittings and devices which are 
mounted on a boiler shell for proper functioning and safety. These form an 
integral part of the boiler. These are in two groups: 

(a) Mountings for Safety 
l. Safety valve 2 numbers 
2. High pressure and low water safety valve on Lancashire and Cornish boiler
 l number each 
3. Water-level indicator 2 numbers 
4. Fusible plug l number 

(b) Mountings for Control 
5. Pressure gauge l number 6. Steam stop valve l number 
7. Feed check valve l number 8. Blow off cock l number 
9. Man hole l number 1O. Mud box l number
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Boiler Mountings
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BOILER ACCESSORIES

Ø The accessories are mounted on the boiler to increase its efficiency. These 
units are optional on an efficient boiler. The following accessories are 
normally used on a modem boiler: 

(i) Superheater  
(ii) Economiser 
(iii) Air preheater 
(iv) Feed-water pump 
(v) Steam injector 
(vi) Steam separator 
(vii) Steam trap 
(viii) Boiler draught equipments
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Boiler Accessories
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