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Boiler

A steam generator or boiler, usually, a closed vessel made of
steel. Its function is to transfer heat produced by the combustion
of fuel (solid, liquid, gaseous) to water, and ultimately to
generate steam.

“Boiler is a closed vessel in which the water, under pressure, is
transferred into steam by the application of heat”.
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Boiler

The steam produced may be supplied:
To an external combustion engine i.e. steam engine and

turbine

At low pressure for industrial process work in cotton mills,
sugar factories, breweries etc. and

For producing hot water, which can be used for heating
installations at much lower pressures.
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Important 
Terms for 
Steam Boiler

Boiler shell: It is made up of steel plates bent into cylindrical form and
riveted or welded together. The ends of the shell are closed by end plates.
A boiler shell should have sufficient capacity to contain water and steam.

Combustion chamber: It is the space, generally below the boiler shell,
meant for burning fuel in order to produce steam from water contained in
the shell.

Grate: It is platform, in the combustion chamber, upon which fuel (coal
or wood) is burnt. The grate, generally, consists of cast iron bars which
are spaced apart so that air (required for combustion) can pass through
them. The surface area of the grate, over which the fire takes place, is
called grate surface.
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Important 
Terms for 
Steam 
Boiler(Cont..)

Furnace: It is the space, above the grate and below the boiler shell, in which
the fuel is actually burnt. The furnace is also called fire box.

Heating surface: It is the part of the boiler surface, which is exposed to the
fire (or hot gases from fire).

Mountings: These are fittings which are mounted on the boiler for its proper
functioning. They include water level indicator, pressure gauge, safety valve
etc. It may be noted that a boiler cannot function safely without mountings.

Accessories: These are the devices, which form an integral part of a boiler,
but are not mounted on it. They include superheater, economizer, feed pump
etc. It may be noted that the accessories help in controlling and running the
boiler efficiently.
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Important 
Terms for 
Steam 
Boiler(Cont..)
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Essential 
Features of a 
Good Steam 
Boiler

It should produce maximum quantity of steam with the
minimum fuel consumption.

It should be economical to install, and should require little
attention during operation.

It should rapidly meet the fluctuation of load.

It should be capable of quick starting.

The joints should be few and accessible for inspection.

It should be light in weight.
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Essential 
Features of a 
Good Steam 
Boiler(Cont..)

It should occupy a small space.

The mud and other deposits should not accumulate on the
heating plate.

The refractory material should be reduced to minimum.

The tubes should not accumulate soot or water deposits.

The water and flue gas circuits should be designed to allow a
maximum fluid velocity without incurring heavy frictional
losses.

It should comply with safety regulations as laid down in the
boilers act.
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The 
Selection of 
a Boiler

The selection of type and size of a steam boiler
depends upon the following factors:

The power required and the working pressure.

The rate at which the steam is generated.

The geographical position of the power house.

The fuel and water available.

The type of fuel to be used.

The probable permanency of the station.

The probable load factor
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Boiler 
Mountings

These are fittings which are mounted on the boiler for its
safe and proper functioning. Though there are many types
of boiler mountings, yet the following are important from
the subject point of view:

i) Water level indicator
ii) Pressure gauge
iii)Safety valve
iv) Stop valve
v) Blow off cock
vi) Feed check valve
vii)Fusible plug
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Boiler 
Mountings
(Cont..)

Water Level Indicator: It is an
important fitting, which indicates the
water level inside the boiler to an
observer. It is a safety device, upon
which correct working of the boiler
depends. This fitting may be seen in
front of the boiler, and are generally two
in number.

Pressure Gauge: A pressure gauge is
used to measure the pressure of the
steam inside the steam boiler. It is fixed
in front of the steam boiler. The pressure
gauge generally used are of bourdon
type.
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Boiler 
Mountings
(Cont..)

Safety Valve: These are the devices attached to
the steam chest for preventing explosions due to
excessive internal pressure of steam. A steam
boiler is, usually, provided with two safety
valves. These are directly placed on the boiler.

In brief, the function of a safety valve is to blow
off the steam when the pressure of steam inside
the boiler exceeds the working pressure.

Stop Valve: It is the largest valve of the steam
boiler. It is, usually fitted to the highest part of
the shell by means of flange. The principal
functions of a stop valve are:

To control the flow of steam from the
boiler to the main steam pipe.

To shut off the steam completely when
required.
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Boiler 
Mountings
(Cont..)

Blow off Cock: The principal function of a
blow off cock are:

To empty the boiler whenever required.

To discharge the mud, scale or
sediments which are accumulated at the
bottom of the boiler.

Feed Check Valve: It is a valve, whose
function is to regulate the supply of water,
which is pumped into the boiler, by the feed
pump. It is fitted to the shell slightly below
the normal water level of the boiler.

Fusible Plug: Its function is to put off the
fire in the furnace of the boiler when the
level of water in the boiler falls to an unsafe
limit, and thus avoids the explosions which
may takes place due to overheating of the
furnace plate.
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Boiler 
Accessories

These are the devices which are used as integral parts of
a boiler, and help in running efficiently. Though there are
many types of boiler accessories, yet the following are
important from the subject point of view:

i) Feed pump
ii) Superheater
iii)Economiser
iv) Air preheater
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Boiler 
Accessories
(Cont..)
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Fig: Schematic diagram of a boiler plant



Boiler 
Accessories
(Cont..)

Feed Pump: Water, in a boiler, is
continuously converted into steam,
which is used by the engine. Feed pump
is used to deliver water to the boiler. A
feed pump may be centrifugal type or
reciprocating type.

Super-heater: A super-heater is an
important device of a steam generating
unit. Its purpose is to increase the
temperature of saturated steam without
raising its pressure. It is generally an
integral part of a boiler, and is placed in
the path of hot flue gases from the
furnace. The heat, given up by these flue
gases, is used in superheating the steam.
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Boiler 
Accessories
(Cont..)

Economiser: An economizer is a
device used to heat the feed water by
utilizing the heat in the exhaust flue
gases before leaving though the
chimney. As name indicates, the
economizer improves the economy of
the steam boiler.

Air Preheater: An air preheater is used
to recover heat from the exhaust flue
gases. It is installed between
economizer and the chimney. The air
required for the purpose of combustion
is drawn through the air preheater
where its temperature is raised. It is
then passed through ducts to the
furnace.
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Classification 
of Steam 
Boiler

According to the number of
tubes

Single tube boiler

Multi-tubular boiler

According to the method of
circulation of water and steam

Natural circulation boilers

Forced circulation boiler.

According to Use
Stationary Steam Boiler

Mobile Steam Boiler
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According to the Contents in
the Tube

Fire tube or smoke tube boiler

Water tube boiler

According to the position of the
furnace

Internally fired boiler

Externally fired boiler

According to the axis of the
shell

Vertical steam boiler

Horizontal boiler



Fire Tube Boiler 
&
Water Tube Boiler

Fire Tube Or Smoke Tube Boiler: In fire tube steam boiler, the flames and
hot gases, produced by the combustion of fuel, pass through the tubes, which
are surrounded by water. The heat is conducted through the walls of the tubes
from the hot gases to the surrounding water. Examples: Simple vertical boiler,
Cochran boiler, Lancashire boiler, Cornish boiler, scotch marine boiler,
locomotive boiler and velcon boiler.

Water Tube Boiler: In Water tube boiler, the water is contained inside the
tubes (called water tubes) which are surrounded by flames and hot gases from
outside. Examples: Babcock and Wilcox boiler, Stirling boiler, La-Mont boiler,
Benson boiler, yarrow boiler and Loeffler boiler.
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Difference 
Between Fire 
Tube & Water 
Tube Boiler

S. No. Water Tube Boiler Fire Tube Boiler
1 The water circulates inside the tubes which

are surrounded by hot gases from the furnace.

The hot gases from the furnace pass through the,

tubes which are surrounded by water.

2 It generates steam at a higher pressure up to

l65 bar.

It can generate steam only up to 24.5 bar

3 The rate of generation of steam is high i.e.,

up to 450 tonnes per hour.

The rate of generation of steam is low, i.e., up to

9 tonnes per hour.

4 For a given power, the floor area required for

the generation of steam is less, i.e., about 5

m2 per tonne per hour of steam generation

The floor area required is more, i.e. about 8 m2

per tonne per hour of steam generation

5 Overall efficiency with economizer up to

90%.

Overall efficiency is only 75%.

6 It can be transported and erected easily as its

various parts can be separated

Transportation and erection is difficult

7 It is preferred for widely fluctuating loads It can also cope reasonably with sudden increase

in load but for a shorter period.
8 The direction of water circulation is well

defined.

The water does not circulate in a definite

direction.

9 The operating cost is high The operating cost is less

10 The bursting chances are more The bursting chances are less.

11 The bursting does not produce any

destruction to the whole boiler

The bursting produces greater risk to the

damage of the property

12 It is used for large power plants. lt is not suitable for large plants.

12/11/2019 20



Simple 
Vertical Boiler
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Simple 
Vertical Boiler

A simple vertical boiler produces steam at a low pressure and in small
quantities.

It is, therefore, used for low power generation or at places where the space is
limited. The construction of this type of boiler is shown in figure.

It consists of a cylindrical shell surrounding a nearly cylindrical fire box. The
fire box is slightly tapered towards the top to allow the ready passage of the
steam to the surface.

At the bottom of the fire box, is a grate. The fire box is fitted with two or
more inclined cross tubes F, F. The inclination is provided to increase the
heating surface as well as to improve the circulation of water.

An uptake tube passes from the top of the fire box to the chimney. The hand
holes are provided opposite to the end of each water tube for cleaning
deposits.

A manhole is provided at the top for a man to enter and clean the boiler. A
mud hole is provided at the bottom of the shell to remove the mud, that settles
down.

The space between the boiler shell and fire box is filled with water to be
heated.
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Simple 
Vertical Boiler
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Benson 
Boiler
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Benson 
Boiler

It is a high pressure, drum less, water tube steam boiler using
forced circulation. In this boiler, the feed water enters at one end
and discharges superheated steam at the other end.

The feed pump increases the pressure of water to supercritical
pressure (i.e. above the critical pressure of 225 bar) and thus the
water directly transforms into steam without boiling.

The diagrammatic sketch of a Benson boiler is shown in figure.
The feed water passes through the economizer to the water
cooled walls of the furnace. The water receives heat by radiation
and the temperature rises to almost critical temperature.

It then enters the evaporator and may get superheated to some
degree. Finally, it is passed through the superheater to obtain
desired superheated steam.
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Benson 
Boiler

The Benson boiler is also known as light-weight boiler as there
is no large water and steam drum.

The thermal efficiency up to 90% may be achieved by this boiler,
the average operating pressure and capacity of such boilers are
250 bar and 135 tonnes/hr. It can be started within 15 minutes.

Following are the advantages of Benson Boiler:
1. The initial cost of boiler is low because there is no water and steam

drum.

2. Since there is no pressure limit, therefore supercritical pressure may
be employed.

3. The high pressure avoids the bubble formation in the tube which
increases heat transfer rate.

4. It is a light-weight boiler.

5. The boiler can be started within 15 minutes.
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Benson 
Boiler
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Babcock 
Wilcox Boiler
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Babcock 
Wilcox Boiler

It is a straight tube, stationary type water tube boiler, as shown in figure.
It consists of a steam and water drum (1). It is connected by a short tube
with uptake header or riser (2) at the back end.

The water tubes (5) (100 mm diameter) are inclined to the horizontal and
connects the uptake header to the downtake header. Each row of the tubes
is connected with two headers, and there are plenty of such rows. The
headers are provided with hand holes in the front of the tubes and are
covered with caps (18).

A mud box (6) is provided with each downtake header and the mud, that
settles down is removed. There is a slow moving automatic chain grate
on which the coal is fed from the hopper (21), fire bricks cause hot gases
to move upwards and downwards and again upwards before leaving the
chimney. The dampers (17) are operated by a chain (22) which passes
over a pulley to the front of a boiler to regulate the draught.
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Babcock 
Wilcox Boiler

The boiler, is suspended on steel girders, and suspended on all the four
sides by fire brick walls. The doors (4) are provided for a man to enter the
boiler for repairing and cleaning.

Water circulates from the drum (1) into the header (2) and through the
tubes (5) to header (3) and again to the drum. Water continues to circulate
like this till it is evaporated. A superheater consists of a large number of
steel tubes (10) and contains two boxes; one is superheated steam box (11)
and other is saturated steam box (12).

The steam generated above the water level in the drum flows in the dry
pipe (13) and through the inlet tubes into the superheated steam box (11).
It then passes through the tubes (10) into the saturated steam box (12). The
steam, during its passage through tubes (10), gets further heated and
becomes superheated. The steam is now taken through the outlet pipe (14)
to the stop valve (15).

The boiler fitted with visual mountings, such as safety valve (19), feed
valve (20), water level indicator (8) and pressure gauge (9).
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Babcock 
Wilcox Boiler
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Equivalent 
Evaporation

It is the amount of water evaporated from feed water at 100oC
and formed into dry and saturated steam at 100oC at normal
atmospheric pressure. It is, usually, written as “from and at
100°C”.

As the water is already at the boiling temperature, it requires
only latent heat at 1.013 bar to convert it into steam at the
temperature (100°C). The value of this latent heat is taken as
2257 kJ/kg.

Mathematically, Equivalent evaporation 'from and at 100° C",

� =
�����	ℎ���	��������	��	���������	����	�����

2257
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Equivalent 
Evaporation

Let

t1 = Temperature of feed water in °C.,

hf1= Enthalpy or sensible heat of feed water in kJ/kg of
steam corresponding to t1 °C (from steam tables),

h = Enthalpy or total heat of steam in kJ/kg of steam
corresponding to a given working pressure (from Steam tables),

= hf +xhfg ... (For wet steam)

= hf +hfg = hg ...(For dry steam)

me= Mass of water actually evaporated or steam produced in kg/h
or kg/kg of fuel burnt.
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Equivalent 
Evaporation

We know that heat required to evaporate 1 kg of water

= h - hf1

Total heat required to evaporate me kg of water,

= me(h - hf1)

and equivalent evaporation “from and at 100° C”

� =
me(h− hf1) 

2257

The factor
	(h− hf1) 

����
is known as factor of evaporation, and is

usually denoted by Fe. Its value is always

greater than unity for all boilers.
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Boiler 
Efficiency

It may be defined as the ratio of heat actually used in producing the
steam to the heat liberated in the furnace. It is also known as thermal
efficiency of the boiler. Mathematically,

Boiler efficiency or thermal efficiency,

ɳ =
����	��������	����	���������	�����

����	���������	��	�ℎ�	�������
=

me(h− hf1) 

�

where me = Mass of water actually evaporated or actual evaporation in kg/
kg of fuel, and

C = Calorific value of fuel in kJ/kg of fuel.

If ms = Total mass of water evaporated into steam in kg, and

mf= Mass of fuel used in kg.

Then me =
ms

mf
	 kg/kg of fuel

And ɳ=
	ms∗	(h− hf1) 

m�∗�
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Steam 
Table(sample)
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Steam 
Table(sample)
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Problem-1,2

A boiler evaporates 4.6 kg of water per kg of coal into dry
saturated steam at 7.5 bar. The temperature of feed water is
27oC. Find:

(i) Equivalent evaporation “from and at 100o C”.

(ii) Factor of evaporation.

(iii) Efficiency of the boiler (calorific value 29800 kJ/kg)

A boiler evaporates 3.6 kg of water per kg of coal into dry
saturated steam at 10 bar. The temperature of feed water is 32oC.
Find:

(i) Equivalent evaporation “from and at 100o C”, and

(ii) Factor of evaporation.
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Problem-3

The following observations were made in a boiler trial:
Coal used 250 kg of calorific value 29800 kJ/kg, water
evaporated 2000 kg, steam pressure 11.5 bar, dryness fraction
of steam 0.95 and feed water temperature 34°C. Calculate:

(i) Equivalent evaporation “from and at 100oC” per kg of
coal.

(ii) Factor of evaporation.

(iii) Efficiency of the boiler.
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Problem-4

A Lancashire boiler generates 2400 kg of steam per hour at a
pressure of 11 bar. The grate area is 3 m2 and 90 kg of coal is
burnt per m2 of grate area per hour. The calorific value of the
coal is 33180 kJ/kg, dryness fraction of steam 0.90 and the
temperature of feed water is 17.5°C. Determine:

(i) Actual evaporation per kg of coal,

(ii) Factor of Evaporation.

(iii) Equivalent evaporation “from and at 100oC”, and

(iv) Efficiency of the boiler.
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Thank You
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To get updated lecture notes, browse:
http://www.kuet.ac.bd/me/sharifulmekuet/index.php?pg=student_corner


