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THERMAL ENGINEERING BOILERS

Thermal power generation plant or thermal power station is the most conventional source of electric
power. Thermal power plant is also referred as coal thermal power plant and steam turbine power plant.
Before going into detail of this topic. we will try to understand the line diagram of electric power

generation plant.

i
Fo ———
{

Advantages:

; ADVANTAGES AND DISADVANTAGES OF THERMAL POWER STATION
: 1. Economical for low initial cost other than any generating plant.

2. Land required less than hydro power plant.
o 3. Since coal is main fuel and its cost is quite cheap than petrol/diesel so generation cost is
"’ economical.
!‘ 4. There is easier maintenance.
[i 5. Thermal power plant can be installed in any location where transportation & bulk of water are
' available.
Disadvantages:

1. The running cost for a thermal power station is comparatively high due to fuel. maintenance etc.

2. Large amount of smoke causes air pollution. The thermal power station is responsible for Global
warming. '
The heated water that comes from thermal power plant has an adverse effect on the lives in the
water and disturbs the ecology.

(8]

4. Overall efficiency of thermal power plant is low like less 30%.

 WORKING PRINCIPLE AND TYPES 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.

R.SATHEESH, Asso.Prof., Dept of Mechanical Engg.
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Working Principle of Boiler: )

The basic working principle of boiler is very simple and easy to understand. The boiier 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 .th::
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.

Steam Boiler Efficiency
The percentage of total heat exported by outlet steam in the total heat supplied by the fuel (coal) is called
steam boiler efficiency.

Heat exported by outlet steam
Heat supplied by the fuel

team Boiler Ef ficiency(To) = x 100

It includes with thermal efficiency. combustion efficiency & fuel to steam efficiency.

i o
Steam boiler efficiency depends upon the size of boiler used. A typical efficiency of steam boiler is 80%
to 88%. Actually there are some losses occur like incomplete combustion, radiating loss occurs from steam

boiler surrounding wall, defective combustion gas etc. Hence, efficiency of steam boiler gives this result. *

Types of Boiler:
There are mainly two types of boiler — water tube boiler and fire tube boiler. In fire tube boiler,

ﬂ 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. These are the main two types of boiler but each of the types can be sub divided into
many which we will discuss later.

» FIRE TUBE BOILER

As it indicated from the name, the fire tube boiler consists of numbers of tubes through which hot gasses
are passed. These hot gas tubes are immersed into water, in a closed vessel. Actually in fire tube boiler one
closed vessel or shell contains water. through which hot tubes are passed. These fire tubes or hot gas(_bes
i heated up the water and convert the water into steam and the steam remains in same vessel. As the water
and steam both are in same vessel a fire tube boiler cannot produce steam at very high pressure. Generally
it can produce maximum 17.5 kg/cm? and with a capacity of 9 Metric Ton of steam per hour.

Types of Fire Tube Boiler:

There are different types of fire tube boiler likewise. external furnace and internal furnace fire tube boiler.
External furnace boiler can be again categorized into three different types-

Horizontal Return Tubular Boiler.

Short Fire Box Boiler.

Compact Boiler. :

L R

Again, internal furnace fire tube boiler has also two main categories such as horizontal tubular and vertical
tubular fire tube boiler. Normally horizontal return fire tube boiler is used in thermal power plant of low
capacity. It consists of a horizontal drum into which there are numbers of horizontal tubes. These tubes are
' submerged in water. The fuel (normally coal) burnt below these horizontal drum and the combustible
gasses move to the rear from where they enter into fire tubes and travel towards the front into the smoke

E box. During this travel of gasses in tubes, they transfer their heat into the water and steam bubbles come up.
%g As steam is produced, the pressure of the boiler developed, in that closed vessel.

s A
smas

R.SATHEESH, Asso.Prof., Dept of Mechanical Engg.
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- THERMAL ENGINEERING BOILERS

¢ Advantages of Fire Tube Boiler:
I. Itis quite compact in construction.
2. Fluctuation of steam demand can be met easily.
3. Itis also quite cheap.
Disadvantages of Fire Tube Boiler:
I~ As the water required for operation of the boiler is quite large, it requires long time for rising steam '
at desired pressure.
As the water and steam are in same vessel the very high pressure of steam is not possible.
The steam received from fire tube boiler is not very dry.

L o

> 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. 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.
Horizontal Straight Tube Boiler again can be sub - divided into two different types,
1. Longitudinal Drum Water Tube Boiler.
2. Cross Drum Water Tube Boiler.
Bent Tube Boiler also can be sub divided into four different types,
1. Two Drum Bent Tube Boiler.
Three Drum Bent Tube Boiler.
Low Head Three Drum Bent Tube Boiler.
Four Drum Bent Tube Boiler.

o

Advantages and disadvantages of water tube boilers over fire tube boilers:

Advantages water tube boilers: ,
) 1. Steam can be generated at very high pressures in order of 140 kg/em” can be obtained smoothly.
2. Heating surface is more in comparison with the space occupied, in the case of water tube boilers.

3. Steam can be raised more quickly than is possible with a fire tube boiler of large water capacity. Hence
it can be more easily used for variation of load.

4. The hot gases flow almost at right angles to the direction of water flow. Hence maximum amount of
heat is transferred to water.

5. A good and rapid circulation of water can be made.

6. Bursting of one or two tubes does not affect the boiler very much with regard to its working. Hence
water tube boilers are sometimes called as safety boilers.

7. The different parts of a water tube boiler can be separated. Hence it is easier to transport.

8. Itis suitable for use in steam power plants (because of the various advantages listed above).

>

L

Disadvantages of water tube boilers:

1. Itis less suitable for impure and sedimentary water, as a small deposit of scale may cause the
overheating and bursting of tubes. Hence, water treatment is very essential for water tube boilers.

2. Maintenance cost is high.

3. Failure in feed water supply even for a short period is liable to make the boiler overheated. Hence the
water level must be watched very carefully during operation of a water tube boiler.

R.SATHEESH, Asso.Prof., Dept of Mechanical Engg.
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CLASSIFICATION OF BOILERS:

Boilers can be classified as follows:
1. According to the flow of water and hot gases — fire tube (or smoke tube) and water tube boilers.
In fire tube boilers, hot gases pass through tubes which are surrounded with water.
Eg: Vertical, Cochran, Lancashire and Locomotive boilers. There may be single tube as in case of
Lancashire boiler or there may be a bank of tubes as in a locomotive boiler.
In water tube boilers, water circulates through a large number of tubes and hot gases pass around
them. Eg., Babcock & Wilcox boiler.
2. According to the axis of the shell — vertical and horizontal boilers.
3. According to location or position of the furnace. Externally and internally fired boilers.
Internally fired boilers, the furnace forms an integral part of the boilers structure. The vertical
tubular, locomotive and the scotch marine boilers are well known examples.
Externally fired boilers have a separate furnace built outside the boiler shell and usually below it.
The horizontal return tube (HRT) boiler is probably the most widely known example of this type.
4. According to the application — stationery and mobile boilers. v
A stationary boilers is one of which is installed permanently on a land installation.
A marine boiler is a mobile boiler meant for ocean cargo and passenger ships with an inherent fast
steaming capacity.

R T TR

b 5. According to steam pressure — low, medium and high pressure boilers.
o
e > FIRE TUBE BOILERS:

The image shows the simplest form of an internally fired vertical fire-tube boiler. It does not require
heavy foundation and requires very small floor area.

[ Chimnaey
Sheit
Man hote <
-/ Cylingrical N
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7
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Cylindrical shell: The shell is vertical and it attached to the bottom of the furnace. Greater portion of the
shell is full of water which surrounds the furnace also. Remaining portion is steam space. The shell may be
of about 1.25 metres diameter and 2.0 meters height.

R.SATHEESH, Asso.Prof., Dept of Mechanical Engg.




THERMAL ENGINEERING = BOILERS
Cross-tubes: One or more cross tubes are either riveted or flanged to the furnace to increase the heating -
surface and to improve the water circulation.
Furnace (or fire box): Combustion of coal takes place in the furnace (fire box). ;
Grate: It is placed at the bottom of fire box and coal is fed on it for burning. *
Fire door: Coal is fed to the grate through the fire door.
Chimney (or stack): The chimney (stack) passes from the top of the firebox through the top of the shell. -
Manbhole: It is provided on the top of the shell to enable a man to enter into it and inspect and repair the
boiler from inside it. It is also, meant for cleaning the interior of the boiler shell and exterior of the
combustion chamber and stack (chimney).

Hand holes: These are provided in the shell opposite to the ends of each cross tube for cleaning the cross
tube.

Ashpit: It is provide for collecting the ash deposit, which can be removed away at intervals.

i

Working:

- The fuel (coal) is fed into the grate through the fire hole and is burnt. The ashpit placed below the grate
collect the ashes of the burning fuel.

- The combustion gas flows from the furnace, passes around the cross tubes and escapes to the atmosphere
through the chimney.

- Water goes by natural circulation due to convection currents, from the lower end of the cross tube and
comes out from the higher end.

- The working pressure of the simple vertical boiler does not exceed 70 N/cm?.

It is a multi-tubular vertical fire tube boiler having a number of horizontal fire tubes. It is the
modification of a simple vertical boiler where the heating surface has been increased by means of a number
of fire tubes.

COF o Oylirsbriend adiel] FT e Flue suba
O = Cloankbuastion cham e FH e Smoke box
FEL = Firbwrick Hning o Chiganey
F o Furppee {dosse ahaped? FI & Five hole
B = Blow ofl cock 7 = Crate
S8V = Steam siop walve AP = Axh gt
A = Antiprimieg pipe & Ve Hafety valve
P = Pressurs gpasige M= Man holes

W o Water level BROge

R.SATHEESH, Asso.Prof., Dept of Mechanical Engg.



THERMAL ENGINEERING BOILERS .

It consists of:
Shell, Crate, Fire box, Flue pipe. Fire tubes, Combustion chamber, Chimney, Man-hole. 5y

Shell: It is hemispherical on the top, where space is provided for steam.

Grate: It is placed at the bottom of the furnace where coal is burnt.

Fire box (furnace): It is also dome-shaped like the shell so that the gases can be deflected back till they are

0

passed out through the flue pipe to the combustion chamber.
Flue pipe: It is a short passage connecting the fire box with the combustion chamber.
Fire tubes: A number of horizontal fire tubes are provided, thereby the heating surface is increased.
Combustion chamber: It is lined with fire bricks on the side of the shell to prevent overheating of the
boiler. Hot gases enter the fire tubes from the flue pipe through the combustion chamber.
Chimney: It is provided for the exit of the flue gases to the atmosphere from the smoke box.
Manbhole: It is provided for inspection and repair of the interior of the boiler shell.
Normal size of a Cochran boiler: <
Shell diameter — 2.75 meters and Height of the shell — 6 meters.
Working:
- Coal is fed into the grate through the fire hole and burnt. Ash formed during burning is collected in the .
ashpit provided just below the grate and then it is removed manually.

- The host gases from the grate pass through the flue pipe to the combustion chamber. The hot gases from
the combustion chamber flow through the horizontal fire tubes and transfer the heat to the water by
convection.

- The flue gases coming out of fire tubes pass through the smoke box and are exhausted to the atmosphere
through the chimney.

- Smoke box is provided with a door for cleaning the fire tubes and smoke box.

The following mountings are fitted to the boiler:

Pressure gauge: this indicates the pressure of the steam inside the boiler. <

Water gauge: this indicates the water level in the boiler. The water level in the boiler should not
fall below a particular level, otherwise the boiler will be over heated and the tubes may burn out.

Safety valve: the function of the safety valve is to prevent an increase of steam pressure in the
boiler above its normal working pressure.

Steam stop valve: it regulates the flow of steam supply to requirements.

Blow-off cock: it is located at the bottom of the boiler. When the blow-off cock is opened during
the running of the boiler, the high pressure steam pushes (drains) out the impurities like mud, sand, etc., in
the water collected at the bottom.

Fusible plug: it protects the fire tubes from burning when the water level in the boiler falls
abnormally low.

Salient features of Cochran boiler:

1. The dome shape of the furnace causes the hot gases to deflect back and pass through the flue. The un-
burnt fuel if any will also be deflected back.

2. Spherical shape of the top of the shell and the fire box gives higher area by volume ratio.

It occupies comparatively less floor area and is very compact.

Itis well suited for small capacity requirements.

& w

L]
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> LANCASHIRE BOILER:

It is a stationary, fire tube, internally fired boiler. The size is approximately from 7-9 meters in
length and 2-3 meters in diameter.

Construction of Lancashire Boiler:

It consists of- Cylindrical shell, Furnace tubes, bottom flue and side flues, Grate, Fire bridge, Dampers.

Cylindrical shell: It is placed in horizontal position over a brick work. It is partly filled up with water. The
water level inside the shell is well above the furnace tubes.

Furnace tubes, bottom flue and side flues: Two large internal furnace tubes (flue tubes) extend from one
end to the other end of the shell. The flues are built-up of ordinary brick lined with fire bricks. One bottom
flue and two side flues are formed by brick setting, as shown in the figure.

Grate: The grate is provided at the front end of the main flue tubes. Coal is fed to the grate through the fire
hole.

Fire bridge: A brickwork fire bridge is provided at the end of the grate to prevent the flow of coal and ash
particles into the interior of the furnace (flue) tubes. Otherwise the coal and ash particles carried with gases
form deposits on the interior of the tubes and prevent the heat transfer to the water.

Dampers: Dampers is in the form of sliding doors are placed at the end of the side flues to control the flow
of gases from side flues to the chimney flue.

Working of Lancashire boiler:
Safety valve

Circular shell
Stop valve / Low water alarm
i
valve e S e =

\E _%’_ _L__J:‘_ .. : Damper

.
Fire T
hole & Grote — -—DI I l—-—; — :
Blow off & ' s : :
I

-

clock % Fire bridge Gusset plate-s ——

:cEf

H HE

K <4+— Bottom flue =

—
1 . ST VDS S OON G PR [ W P ) VGRS SN RN | gl i | G WL WGANTY DI DL 1 |

- Coal is fed to the grate through the fire hole and is burnt. The hot gases leaving the grate move
along the furnace (flue) tubes upto the back end of the shell and then in the downward direction to the
bottom flue. The bottom of the shell is thus first heated.

- The hot gases, passing through the bottom flue, travel upto the front end of the boiler, where they
divide into two streams and pass to the side flues. This makes the two sides of the boiler shell to become
heated. Passing along the two side flues. the hot gases travel upto the back end of the boiler to the chimney
flue. They are then discharged into the atmosphere through the chimney.

- With the help of this arrangement of flow passages of hot gases, the bottom of the shell is first
heated and then its sides. The heat is transferred to water through the surface of the two flue tubes (which
remain in water) and bottom and sides of the shell.

- The arrangement of flues increases the heating surface of the boiler to a large extent. "
Dampers control the flow of hot gases and regulate the combustion rate as well as steam generation rate.

- The boiler is fitted with necessary mountings. Pressure gauge and water level indicator provided at

the front. Safety valve, steam stop valve, low water and high steam safety valve and man-hole are provided
on the top of the shell.

R.SATHEESH, Asso.Prof., Dept of Mechanical Engg.
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High steam low water safety valve:

It is a combination of two valves. One is lever safety valve, which blows-off steam when the working
pressure of steam exceeds. The second valve operates by blowing-off the steam when the water level falls
below the normal level. . ¥
Blow-off clock: It is situated beneath the front portion of the shell for the removal of mud and sediments. It"
is also used to empty the water in the boiler during inspection. ’ 3
Fusible plug: It is provided on the top of the main flues just above the grate. It prevents the overheating of
the boiler tubes by extinguishing the fire when the water level falls below a particular level. A low water

level alarm is mounted in the boiler to give a warning when the water level falls below the preset value.

Salient features of Lancashire Boiler

- The arrangement of flues in this boiler increases the heating surface of shell to a large extent.

- It is suitable where a large reserve of steam and hot water is needed.

- [ts maintenance is easy.

- Superheated can be easily incorporated into the system at the end of the main flue tubes. Thus overall
efficiency of the boiler can be increased. A4

» LOCOMOTIVE BOILER:

They are the horizontal boiler and belong from the fire tube class of boilers. Locomotives boiler are
divided into three main parts smoke box. shell box and fire box.

Parts of locomotive boilers:
Grate, Damper. Ash pit, Fire box. Fire hole, Fire brick arch, Fusible plug. Operating rod, Steam

whistle, Safety valve, Regulator, Barrel. Super heating tube, Steam pipe, Steam header. Smoke box, Blast
pipe, Super heated steam out let, Chimney, Door.

superheater element pipes

chimney superheater header regulator valve

dome

) . safety valves
main steam pipe

steam pipe J—- Lﬁ\
' <

firebo

blastpipe .
firehole
smokebox secondary

air

firebrick : .
boiler mch grate

primary air

2 Saturated steam B

I, e Al flow
Exhaust " Hot

- steam ' Superheated steam % gasgs Water

mfin 2008
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Working of locomotive boiler: :

Fuel is place on the grate where it is burned to produce the hot gases. Fire hole is used to feed the
fuel. Hot gases which are produce as a result of fuel burning are diverted into fire tube with the help of fire
brick arch. Steam produce is collected is the steam drum place at the top of the shell. As shown the wet
steam goes through inlet headers of super heater and after passing through tubes, it returns to the outlet',.
header of super heater and is taken out for steam engine. For the cleaning and maintenance of the complete
boiler a door is provided at the side of the smoke box. Chimney is completely eliminated in locomotive
boilers because they are always in motion.

Application of locomotive boilers:
Locomotive boilers are used to give power in following machinery

e Steam railway engine
e Marine steam engine
These boilers were invented for getting steam to run a steam engine used in locomotives.

> WATER TUBE BOILERS:

\ND WILCOX BOILER:

It is a water tube boiler used in steam power plants. In this, water is circulated inside the tubes and hot
gases flow over the tubes.

Construction of Babcock and Wilcox Boiler:

&2 % Dzram 4 = Presdure gaugs
LTH = Dowes take header o mparheanor fubos
WT e Water tubos LV = Saloty valve
[P = Baflle plala MEV = Main sep valve
& = Dptge AL e Amtiprirning pipe
3= Grate L = Lavwer pusetion Dex

FDY o Fiva eloay 1w Upper junction tox
t FV w Faood valve

The Babcock and Wilcox Boiler consists of

Steam and water drum (boiler shell), Water tubes, Uptake-header and down corner, Grate, Furnace,
Baffles, Super heater, Mud box, Inspection door, Damper.
Steam and water drum (boiler shell): One half of the drum which is horizontal is filled up with water and
steam remains on the other half, It is about 8 meters in length and 2 meter in diameter. '
Water tubes: Water tubes are placed between the drum and furnace in an inclined position (at an angle of
10 to 15 degree) to promote water circulation. These tubes are connected to the uptake-header and the
down-comer as shown.

R.SATHEESH, Asso.Prof., Dept of Mechanical Engg.
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Uptake-header and down-corner (or downtake-header): The drum is connected at one end to the
uptake-header by short tubes and at the other end to the down-corner by long tubes.

Grate: Coal is fed to the grate through the fire door.

Furnace : Furnace is kept below the uptake-header.

Baffles: The fire-brick baffles, two in number, are provided to deflect the hot flue gases. )
Superheater: The boiler is fitted with a superheater tube which is placed just under the drum and above the
water tubes.

Mud box: Mud box is provided at the bottom end of the down comer. The mud or sediments in the water
are collected in the mud box and it is blown-off time to time by means of a blow—off cock.

Inspection doors: Inspection doors are provided for cleaning and inspection of the boiler.

Working Babcock and Wilcox Boiler:

Coal is fed to the grate through the fire door and is burnt. ?
- Flow of flue gases: The hot flue gases rise upward and pass across the left-side portion of the water tubes.
The baffles deflect the flue gases and hence the flue gases travel in the zig-zag manner (i.e., the hot gases
are deflected by the baffles to move in the upward direction, then downward and again in the upward
direction) over the water tubes and along the superheater. The flue gases finally escape to atmosphere W
through chimney.
- Water circulation: That portion of water tubes which is just above the furnace is heated comparatively at
a higher temperature than the rest of it. Water, its density being decreased, rises into the drum through the
uptake-header. Here the steam and water are separated in the drum. Steam being lighter is collected in the
upper part of the drum. The water from the drum comes down through the down —comer into the water
tubes. A continuous circulation of water from the drum to the water tubes and water tubes to the drum is
thus maintained. The circulation of water is maintained by convective currents and is known as “natural
circulation”.
- A damper is fitted as shown to regulate the flue gas outlet and hence the draught.
- The boiler is fitted with necessary mountings. Pressure gauge and water level indicator are mounted on
the boiler at its left end. Steam safety valve and stop valve are mounted on the top of the drum. Blow-off
cock is provided for the periodical removed of mud and sediments collected in the mud box.

iy

Salient features of Babcock and Wilcox Boiler:

Its overall efficiency is higher than a fire tube boiler. o
The defective tubes can be replaced easily.

All the components are accessible for inspection even during the operation.

The draught loss is minimum compared with other boiler.

Steam generation capacity and operating pressure are high compared with other boilers.

The boiler rests over a steel structure independent of brick work so that the boiler may expand or
contract freely.

7. The water tubes are kept inclined at an angle of 10 to 15 degree to promote water circulation.

S S Wb e

» HIGH PRESSURE BOILERS:

» LA-MONT BOILER:
A forced circulation boiler was first introduced by La-Mont in the year 1925 which is used in

Europe and America. This is a modern high pressure boiler (water tube type steam boilers) working on
forced circulation system.

Working principle of La Mont Boiler
The image shows the flow circuit of La Mont Boler.
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Steam separator drum: The La Mont boiler consists of a steam separator drum which is placed wholly
outside the boiler setting . The drum receives a mixture of steam and water from the evaporator tubes and

feed water from the economizer. The steam is separated from water in the drum.

steam evaporated. This prevents the tubes from being overheated.

at a pressure above the drum pressure.

and a mixture of steam and water from these tubes enters the drum.

necessary for it to “see” the furnace.
gases and 1s superheated.

outlet.

steam separator drum.

Circulating pump: The water from the drum is then drawn to the circulating (centrifugal) pump through
the down-comer. The pump circulates water (“forced circulation™) equal to 8 t0 10 times the weight of

Distributing header: The circulating pump delivers the feed water t0 the distributing header with orifices

Evaporator: The header distributes water through orifices into the evaporator tubes acting in parallel.
Orifice in the header controls the flow of water to the evaporator tubes. Here part of the water is evaporated

Convection superheater: The steam produced in the boiler is nearly saturated. This steam as such should ’
not be used in the steam turbine. The presence of moisture in it will cause corrosion of turbine blades, €tc.
to raise the temperature of steam and thereby 10 increase the turbine efficiency, superheater is used.

The principle of convection superheater is similar to steam generating tubes of the boiler. The hot flue
gases at high temperature sweep OVer convection superheated tubes and raise the temperature of steam.
Convection superheater thus receives heat from the flue gases flowing from the combustion chamber,
entirely by convective heat transfer. Such a superheater may be more conveniently located since it is not

Qaturated steam from the top of the drum enters the convection superheater placed in the path of the flue
Steam outlet: Superheated steam from the superheater passes out to the steam turbine through the steam

Economizer: The quantity of superheated steam thus delivered to turbine is continuously made up in the
form of feed water. Feed water supplied by the feed pump is heated in the economizer on its way t0 the

The economizer is a device used to preheat the feed water using the hot gases leaving the boiler. Before the
gases are let off to the atmosphere, they are made to flow in a definite passage in the economizer so that

R.SATHEESH, Asso.Prof., Dept of Mechanical Eng
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some of the heat in the hot gases, which otherwise gets wasted, can be used to preheat the feed water. The
preheated water requires only a small amount of heat to be supplied in the boiler, resulting in some saving
of the fuel burnt. This results in an increase in the boiler efficiency.

Air preheater: Since the heat of the exit gases cannot be fully extracted through the economizer, the air
preheater is employed to recover some of the heat escaping in these gases. These exit gases preheat the air
from the blower in the air preheater. The preheated air is supplied to the furnace for combustion.
Capacity: The capacity of la-mont boiler is about 50 Tonnes/hr of superheated steam at a pressure of 170
kgf/sq.cm. and at a temperature of 500°C.

> LOEFFLER BOILER:

This is also a modern high pressure water tube boiler using the forced circulation principle and
named after Prof.Loeffler.

Salient features of Loeffler Boiler:
The novel feature of the Loeffler Boiler is to evaporate water solely by means of superheated & 3

The furnace heat is supplied only to economiser and superheater. In other words, steam is used as a heat
absorbing medium.

LOEFFLER BOILER

R O i S I i
MINING NOTZLE

FEED ™ ""*’" P &.
EVAPORAT I RN

The major difficulty experienced in La-Mont boiler is deposition of salt and sediment on the inner-
surfaces of water tubes. The deposition reduces the heat transfer, ultimately, the generating capacity. This
difficulty was solved in Loeffler boiler by preventing the flow of water into the boiler tubes. Feed water is
evaporated in the drum using part of the superheated steam coming out from the water-heater. Thus only
the dry saturated steam passes through the tubes. Poor feed water can, therefore, be used without any
difficulty in the boiler, which is great advantage of this boiler.

R.SATHEESH, Asso.Prof., Dept of Mechanical Engg.
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Working principle of Loeffler Boiler:
The image shows the outline diagram of Loeffler Boiler.

Economiser The feed water from the feed tank is supplied to the economiser by feed pump. In the
economiser the feed water is made to flow through a number of tubes surrounding which the hot gases
leaving the furnace pass over. There is a heat exchange from the hot gases to the feed water, which is
preheated in the economiser. .
Evaporated Drum: It is housed away from the furnace. It contains a mixture of steam and water. The feed
water from the economiser tubes enters the evaporator drum into which is also passed two-thirds of the
superheated steam generated by the boiler. The superheated steam gives its superheat to the water in the
drum and evaporates it to saturated steam.

Mixing Nozzles: The nozzles distribute and mix the superheated steam throughout the water in the
evaporator drum.

Steam circulating pump: A steam circulating pump forces this saturated steam from the evaporator drum
to the radiant superheater through the tube of the furnace wall.

Radiant superheater: The radiant superheater is placed in the furnace. The hot gases in the furnace are
used for superheating the saturated steam from the drum. The radiant superheater receives heat from the
burning fuel through radiation process.

Convection superheater: Steam from the radiant superheater enters the convection superheater where it is
finally heated to the desired temperature of 500°C. The convection superheater receives heat from the flue
gases entirely by convective heat transfer. Both radiant and convection superheater are arranged in series in
the path of the flue gases.

Steam outlet: About one-third of the superheated steam from the convection superheater passes to the
steam turbine while the remaining two-thirds is passed on to evaporator drum to evaporated the feed water
to saturated steam.

Capacity: Capacity of the Loeffler boiler is about 100 Tonnes/Hr of superheated steam generated at a
pressure of 140 kgf/sq.cm and at a temperature of 500°C.

R.SATHEESH, Asso.Prof., Dept of Mechanical Engg
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STEAM CONDENSER

A heat-transfer device used for condensing steam to water by removal of the latent heat of
steam and its subsequent absorption in a heat-receiving fluid, usually water, but on occasion air or
a process fluid. Steam condensers may be classified as contact (jet) and surface condensers.

In the contact (jet) condenser, the condensing takes place in a chamber in which the steam
and cooling water mix. The direct contact surface is provided by sprays, baffles or void-effecting fill.

In the surface condenser, the condensing takes place separated from the cooling water or
other heat-receiving fluid (or heat sink). A metal wall, or walls, provides the means for separation
and forms the condensing surface.

Both contact and surface condensers are used for process systems and for power generation
serving engines and turbines. Modern practice has confined the use of contact condensers almost
entirely to such process systems as those involving vacuum pans, evaporators, or dryers, and to
condensing and dehumidification processes inherent in vacuum-producing equipment such as
steam jet ejectors and vacuum pumps. The steam surface condenser is used chiefly in power
generation but is also used in process systems, especially in those in which condensate recovery is
important. Air-cooled surface condensers are used in process systems and in power generation
when the availability of cooling water is limited.

a) JET CONDENSER
There are mainly three types of jet condensers.
1) Low level condenser, 2) High level condenser and 3) Ejector condenser.

1. Low Level Condenser

Here condenser chamber is placed at low elevation and overall height of the unit is low
enough so that the condenser may be directly placed beneath the steam turbine, pump or pumps
are required to extract the cooling water condensate and air from the condenser.
Low level jet condensers are of two types, 1) Counter flow and 2) parallel flow jet condenser.

e Counter Flow Low Level Jet Condenser

In this type of steam condenser, the exhaust steam enters from lower part of condenser
chamber and cooling water enters from upper parts of that chamber. The steam goes up inside the
chamber whereas cooling water falls down from top, through steam. The condenser chamber is
generally provided with more than one water trays perforated with holes to break up the water in
small jets. The process is very fast. The condensed steam along with cooling water comes down
through a vertical pipe to extraction pump. This centrifugal type extraction pump push the water to
hot well. If required some of water from the hot well can be taken as steam boiler feed water and
rest water flows to cooling pond. Boiler feed water is taken from hot well by means of boiler feed
pump whereas, surplus water flows by gravity to the cooling pond.




s ]
A small capacity air Pump is required at the top of the condensed tank, to extract air and
uncondensed vapour.

The air pump, require}l for jet condenser is of small capacity for two main reasons.
1) It has to handle air and vapour alone.
2) It has to handle with small volume of air and vapour since the volume of air and vapour is
reduced due to their cooling while rising through the steam of condensing water.

In this type of steam condenser, there is no need of extra pump for lifting cooling water .

condenser due to condensation of exhaust steam. Although in some cases a pump is used to push -
the water to condenser.

* Parallel Flow Low Level Jet Condenser

cooling pond to condenser as it is alone by vacuum created in the condenser due to condensation

/ to the counter jet technique, there is no need of extra pump to lift cooling water from source or
of exhaust steam.
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2. High Level or Barometric Jet Condenser
| If a long pipe over 10 m, is closed at top end, filled with water, open at bottom and bottom

This s basically a counter flow jet condenser. Here, the steams travels upwards inside the
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condenser whereas the water jets falls from top. The condensates and cooling water comes to thﬁ
hot-well through vertical tail pipe due to gravitational force. There is no need of extraction pump.
The air, uncondensed steam are removed from the chamber by using a dry air pump at the top of
the condenser. Here, the capacity and size of dry air pump is quite small as it has only to deal with
air, and uncondensed steam, and it has not to handle with cooling water and condensed steam.

3. Ejector Condenser ‘

In this type of condenser, the momentum of falling water is utilized to extract or ejects air
from condensates. The condenser chamber consists of a central vertical tube in which there is a
string of many cones or converging nozzles. The exhaust steam enters from side way of the
cylindrical condenser chamber. The central tube is provided with number of wholes or steam ports.
The cooling water falls on the top converging nozzle at high speed. This speed is attained by the
falling water because the water falls from 2 to 6 m height. This water flowing down through the
converging nozzles one by one. The steam enters into the nozzles vide steam port. As this steam
comes into contact with cooling water, it is condensed and creates partial vacuum. Due to this
vacuum more and more steam enters into the vertical tubes through the steams ports and gets
condensed and results further vacuum. The mixture of cooling water, condensed steam,
uncondensed steam and wet air comes down to the bottom divergent nozzle as shown in the figure
beside.

In the diverging nozzles, the kinetic energy is partly transformed into pressure energy so
that condensates and air will be discharged into the hot well against the pressure of the
atmosphere. Ejector condenser is usually fitted with a non-return valve in exhaust steam inlet as
shown to prevent a sudden backward rush of water into the turbine exhaust pipe in case of sudden
failure of water supply to the condenser. '

An ejector condenser requires more water than other jet water condenser. The cost is low
size is small. It is simple and reliable but only suitable for small power generation unit.

Fiz: Ejector Condenser Fig: Evaporate Steam Condenser

b) SURFACE CONDENSER

The steam can be condensed in surface steam condenser in two ways.

Firstly, cooling water is passed through a series of tubes and steam passes over the tubes.

Secondly, the steam is passed through a series of tubes and water is allowed to flow in the form
of thin film outside the tubes.

A surface condenser mainly consists of a cast iron shell. The shell is cylindrical in shape and

closed at both end to form a water box. A tube plate is located between each cover head and the
shell. A number of water tubes are fixed to the tube plates. The shell is provided with exhaust

5 e ol
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steam inlet at the top and condensed steam outlet at the bottom. The hot exhaust steam entersT
l through the top inlet of the surface condenser shell cooling water enters into the inlet water box

comes out through wet air outlet.
This surface condenser required two pumps-

| 1) One pump to circulate cooling water through the water tubes under pressure.
2) One for extracting wet air, condensates from the bottom of the condenser shell.

| Surface steam condensers are of mainly two types:
| 1) Two flow condenser and 2) Multi flow condenser.

In two flow steam condenser, cooling water travels twice once from inlet-water box to end
[ water box and once from end water box to outlet water box. Two flow condenser is already
| discussed.

By providing more and more partitions in the water boxes, surface condenser can be made
multi flow condenser like, 4 flow, 6 flow etc. In multi-flow process, the rate of heat exchange is
rapid but the power required to circulate the cooling water is also more.

. . . Conglginse o
According to the direction of flow of steam the surface steam an be classified as-

| 1) Down flow, 2) Central flow and 3) Inverted flow surface condenser.

"’

| ®* Down Flow Surface Condenser

vapour. As the air comes down, it is progressively cooled and becomes denser and hence it is
extracted room the lowest convenient point.

| ¢ Central Flow Surface Condenser

| improvement on the down flow type as the steam is directed radially inward by a volute casting
| around the tube nest it has thus access to the whole periphery of the tubes.

To gjectar

Whiater oLtlet ‘ﬂe{am VaCuUm system

Flanges
¢ aesy

| ¥ et H Tubesheet

Wigter inlet Conden sate

* Inverted Flow Surface Condenser
Here, the air extraction Pump is situated at the top. The steam ent
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EVAPORATE STEAM CONDENSER

When the supply of cooling water is very limited, the evaporate type steam condenser is
used. In this condenser the exhaust steam is circulated through a series of tubes and a thin film of
cooling water is allowed to flow over these tubes. The condensed steam and wet air is extracted
from the steam tube outlet by means of wet air pump. A natural or force air flow helps rapid
evaporation of the film, which speeds up the condensation process. The water which is not
evaporated, collected in a water tray from which it can be pumped back for reusing as cooling
water. Evaporate type steam condenser requires minimum cooling water. Only the make up water
required to supply to compensate evaporation. This type of steam surface condenser is suitable for

small power plant.
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