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. equipme“t used for producing steam i
e 4 steam genemt('}-r or boiler. The America:l
iy of Mech‘:m:cal Engineers\(A.S.M E)
e the following definition of the ste'ar-n

enerating unit :
vA combination of apparatus for producing,

(urnishing OF recovering heat together with
the apparatus for transferring the heat so made

available to the fluid being heated and
va porised. "
The fluid (water) is contained in the boiler

called shell and the thermal energy released
during combustion of fuel, which may be solid,
liquid or gaseous is transferred to water and
this converts water into steam at the desired
temperature and pressure. The steam thus
generated is used for:

(i) Power generation : Mechanical work or
electric power may be generated by expanding
steam in the steam engine or steam turbine.

(i) Heating : The steam is utilized for
heating the residential and industrial buildings

in cold weather and for producing hot waters
for hot water supply. ‘
(iii) Utilization of steam for industrial
processes such as for sizing and bleaching etc.
in textile industries. Steam is also used in many

other industr;
= Stries | ;
industries, ike sugar mills and chemical

Thi i
e CO;Sstzzzg:frl 1s devoted to the study of
e al and operational features of

boilers
and the associ :
accessories. clated mountings and

14.1. CLASSIFICATION OF BOILERS

Boiler : .
follo‘: i;l;e: mainly classified according to the

Lt et
through the l:ui)es? li;:. R e e
at are surrounded by
water. The products of combustion leaving
the furnace are passed through fire (smoke)
tubes which are arranged within the water
space. The heat energy of the flue gas is
transferred to water which is converted into
steam. The spent gases are then discharged
to atmosphere through chimney (Fig. 14.1)
The fire tube boilers are known by certain
common names such as horizontal return
tubular, locomotive fire box, scotch marine
and vertical tubular etc. ‘
(b) Water tube hoiler. The tubes conta‘l)n
water and the hot Bases _Pf"d“ce;‘k Yf
combustion of fuel flow outside. A bank 0
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W5 A T R e A e e T ! of Fir
sthod of Firin
water tubes (tubes containing water) i ﬁ;)ﬁ:l:?:u:”I.'fﬁrr'n' hrﬁh-r;'l'h- furn,
connected with steam water dram through two yace in which combustion of fye) lr_:“' Wi,
sets of headers The hot Hue gases from the (4 'mw“h,d inside the boiler 4 h"‘qu.
turnace are made 1o How around the il i-?:uln sletely surrounded by w::t:” and
tubes a suticient number of times. The gases :,urlulvl'ﬁ. The method of internal fyy o

W'l o n
thus give  up their heat tooan "l'l‘“‘""'h in Lancashire, Locomotive and ('K'fl'g“ e
l‘\h'lll, Hrl 'a'l‘l‘ll"il i‘lh.l RIS ‘ltiﬂ'llll'l'!.;l*l_l 1“ II].I.“ I” A1 L ' ¥ ) fh

i 0 Lxlernally fired boiler : The furn,
stack. The steam formed separates from watet Hulvidml uu-l.t::du or built unde:ﬁ.ﬁ e

in the drum and gets accumulated in the steam is pre - | 1 by
spare iy, [4.2) : as in the case of Babcock and Wilcq, Boile,
el g b SRaws The oxlerni ired boiler has the '

Fhe water tube boilers are -.h'Hili-'.l""“-"-l by ”Tl ‘:x.ufm::gcfn: non is sin':lqllh: ad'-'anh
the tollowing common names ¢ lhd; :};n ul.:(, t‘aﬁilyb vnla-rgl:d PThL. ';?’f‘-'-hm
(1) Babcock and Wilcox boiler which has ;z:wccn intc;na”}’ fired and Externa!f]lﬁmm
usually straight but inclined tubes i tn Fi Ired

. or is illustrated in Fig. 14.3.
which connect the headers. Poliet | B

(i) Stirling boiler which is a multitubular
boiler having bent tubes that connect
drums to headers.

qu Chimney Stﬁ?m

lﬂl-h

2. e e e ) (a) Internally fired
Yo b cowie 2o § - Stack X
et ® \
eSS == e N N
ee——— ¢ \ R
= === Waler === Air. F
___________ — Sl Flue gas
_, Fluegases _, _, -7 Grate—~ L. x = Section at XX
Poll — A
Air = T ace bed — g (b) Externally fired
Fig. 14.3. Distinction between internally fired and
Fig. 14.1. Principle of fire tube boiler externally ﬁ,ed"t;:“z?w

3. Pressure of steam : Boilers producing
steam at a pressure of 80 bar and above are
called high pressure boilers. The high pressure
boilers are Babcock and Wilcox, Lamont, Velox
and Benson etc.

The boilers which produce steam at
Pressures lower than 80 bar are called low
Pressure boilers. Examples are Cochran
Cornish, Lancashire and Locomotive boilers.

4. Method of circulatian of water : Majority
of the boilers operate with natural circulation
.e., the circulation set up by convection currents
or by gravity. However at higher steam
Pressures, the steam becomes dense and there
Fig. 14.2. Principle of water tube boiler 18 very little difference in the density of stea




—
water mixture and water alone. For effective
L'il‘ful‘ﬂi“,n' Pul'l'lpl (torced) circulation ilﬁ'
cm}-h"}'t‘d n place of natural circulation. Foreed
L‘il‘l:ulnlti“" 15 'IFSH ﬁ”"“‘li"u.ﬁ cmployed af low
hrt‘ﬁﬁurt‘ﬁ to give tfreedom in tube layout,

5. N‘”f'”’ "f 5"”'"'1'. to be performed
Boilers \s'l}mh are used with stationary plants
are classified as land boilers. Boilers whicl
can be readily dismantled and easily l‘drrim:
from one site to another are called portable
boilers. Marine and Locomotive boilers belon
to another category called mobule boilers. §

6. Once through boilers : (Benson) in which
there is nNO recirculation of water, i.e., the feed
water leaves the tube as steam, whereas in
controlled circulation boilers only a part of
water is evaporated and the remainder is

circulated.

7. Position and number of drums : Single
or multidrums may be positioned longitu-
dinally or crosswise.

8. Design of gas passages : The gas may
follow a single pass, return pass or multipass.

9. Nature of draught : When the fuel burns
in the furnace of the boiler, with the natural
circulation of air, the draft is named as natural
draught. In artificial draught, the air is forced
by means of a forced fan.

10. Heat source : The heat energy utilized
for the conversion of a fluid into a vapour
may be derived from :

(i) combustion of solid, liquid or gaseous

fuel

(if) electrical and nuclear energy

(iii) hot waste gases of other chemical

reactions

11. Fluid used : The boilers are classified
as steam boilers using water as fluid, meri;ur}’
boilers using mercury as fluid, and the bqnlers
which are used for heating SpPe¢ ; .

12. Material of construction of boiler s hell:
Depending upon the materi
Con?:trucrign Ef boiler shell, we classify the
boilers into cast iron boilers and s |
Power boilers are usually fabricated from stee

plates. Low pressure heating l:-o?lers argol:_:lt:;:;
either of cast iron or steel- Miniature

have been fabricated from metals such as
copper and stainless steel h

14.2. FIRE TUBE BOILERS

Ihese boilers essentially consist of one or more
fire tubes passing through a cylindrical shell
which may be horizontal or vertical and 1s
filled to at least half of its volume with water.

(A) Cochran Boiler

Simple vertical boilers of the fire tube type
find favour in small plants requiring small
quantities of steam and where the floor area
is limited. The most common applications are
steam rollers, pile drivers, steam shovells,
portable hoisting rigs and certain other mobile
applications.

Cochran boiler, illustrated in Fig. 14.4,
provides an excellent example of the improved
design of vertical, multitubular, internally fired
natural circulation boiler.

The Cochran boiler essentially consists of :

(i) Boiler shell with hemispherical crown,

(if) Furnace, fire box and grate,

(iii) Combustion chamber and flue pipes,

(iv) Smoke box and chimney, and

(v) Connections for boiler mounting and

accessories.

Constructional and operational details

The unit consists of a cylindrical shell with
a dome shaped top where the space is provided
for steam. The shell is formed of steel plates
joined together with the rivets. Both the
circumferential and longitudinal joints are lap
joints made steam tight by fullering or caulking
operation. The fuel is burnt on grate in the
furnace provided at the bottommost part of
boiler. The furnace has no riveted seams
exposed to flame and is pressed hydraulically
from one plate to finished shape. This makes
the furnace suitable to resist the intense heat
produced by the combustion of fuel. The grate
consists of iron bars which are arranged with
spacing between them. The spacing allpws the
air to pass onto the fuel for combustion. The
firebox is hemispherical so that the unburmt
fuel, if any, is deflected back to the grate and
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Fig. 14.4. Cochran boiler

complete combustion is achieved. An ash pit
is attached beneath the furnace for collecting
ash after regular intervals. The boiler can be
arranged to burn almost any kind of fuel
including wood, paddy husk and oil fuel. For
operation as an oil fired unit, an oil burner is
fitted at the fire hole. The grate is then
dispensed with and a lining of fire brick is
provided beneath the furnace. )

The coal, on burning, produces hot flue
gases and these hot products of combustion
from the fire box enter through the small flue
pipe into the combustion chamber which is
lined with fire bricks on the outer wall of the
boiler. The lining prevents the shell from being
damaged due to the overheating.

The dome shaped furnace and the
combustion chamber prevent the loss which
could otherwise occur because of combustion

being retarded and much unburnt and
combustible matter leaving the furnace. The
unburnt fuel is deflected back to the grate and
complete combustion is achieved in combustion
chamber where the high temperatures are
maintained.

The hot gases passing through the
horizontal smoke tubes give their heat to the
water and in doing so convert water into steam
which gets accumulated in the upper portion
of the shell from where it can be supplied to
the user. The flue tubes are generally of 65.5
mm external diameter and are 165 in number.
The crown of the shell is made hemisphericd
in shape which gives the maximum space 2"
strength for a certain weight of material in for™
of plates.

Finally the flue gases are discharged to ¢
atmosphere through the smoke box and the
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chimne€ : : el
cleaﬂi“g and inspection of the smoke b‘(‘i)‘z thz t

fire tubes: Through a manhole provided at th
crown of the shell, a man can enter the boile(;- ‘f:

for periodiC cleaning and maintenance of th
poiler. There are connections provided ;
appropriate places for fixing the usual boiler
mounting such as pressure gauge, water level
indicator, safety valve, steam stop valve, feed
check valve and blow off cock etc.

Typical specifications of Cochran boiler

y_J‘The smoke box door o

- e ™Y

are .
Size = 1 m diameter x 2 m high

(evaporation 20 kg/hr)
= 3 m diameter x 6 m high
(evaporation 3000 kg/hr)

Heating surface = 10 to 25 times grate area
Steam pressure = upto 20 bar
Efficiency = 70 to 75%

The Cochran boiler is compact in design
and there 1s good external and internal

accessibility.
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14.3. WATER TUBE BOILERS

._—_____._—-—__—_

Al?“mg the water tube boilers, Babeock and
Wilcox boiler and Stirling, boiler are the most
common type used in thermal power houses
for generation of steam in large quantities.

(A) Babcock and Wilcox Boiler

This is a horizontal, externally fired, water

tul;.\e, natural circulation type of stationary
boiler.

Constructional features : The salient aspects
of the constructional features of the Babcock
and Wilcox boiler have been shown in Fig,. 14.7.

(i) Tt consists of a welded steel high
pressure drum mounted at the top. From each
end of drum connections are made with the
uptake header and a down take header. The
headers are joined to each other by a large
number of tubes which are kept inclined at an
angle of about 15° to the horizontal. The water
tubes are straight, solid drawn steel tubes about
10 cm in diameter and are expanded into the
bored holes of the headers. Due to serpentine
(sinusoidal) form of headers, the tubes are
staggered and this exposes the complete
heating surface to flue gases.

(ii) The furnace is arranged below the
uptake header. The unit has a grate for fuel
burning, provided with a chain gate stoker.
The coal is fed to the chain gate stoker through
the fire door. The chain speed is SO adjusted
that by the time coal reaches the other end of
the grate, its combustion has been complete.
The residual ash falls into the ashpit.
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Fig. 14.7. Babcock and Wilcox boiler

(111) Baffles are provided across the water
tubes to act as deflectors to the flue gases and
to provide them with gas passes.

(1) At the bottom of the rear header is the
mud box. The foreign matter held in suspension
in water gets collected in it and can be blown
off from time to time. The access to the interior
of boiler is provided by the doors. This is

necessary to clean the tubes and remove the
soot. The draught is regulated by a damper
which is provided in the back chamber.
(v) For getting the superheated steam, the
unit is fitted with superheater tubes which are

arranged in the combustion chamber above the
water tubes.

Vents are also provided for mountings and
accessories such as safety valve, pressure

gauge, water level indicator, fusible plug and
feed check valve etc.

The entire assembly of water tubes is hun
along with the drum from stee girder frame

by steel rods called slings in a room made
masonry brick lined with fire bricks.

Working : The boiler drum shell is filled w
water through feed valve and a constant waer
level is maintained upto about 2/3% par
the shell. The water from the drum flows
through inclined tubes via downtake header
and then goes back into the shell in the form
of water and steam via uptake header.
Obviously the circulation of water is
maintained by convective currents. The hottest
water and steam rise from the tubes to the
uptake header and then through riser enter
the boiler drum. The steam vapours esap
through water to the upper half of the drum
The cold water flows from the drum to th
rear header and that completes the wate!
circuit.

The hot combustion gases Prﬁ'i’-l'i"":e‘i!E""1
buming fuel on the grate rise upwards up “’
the water drum and then downwards. T
again move upwards and downwards betweel
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S iptained between hot pase
i matn Bases and inclined

water wbes. During their travel, the PASes giye
et heat to water and steam is iurnu.:[ i'in.;lh,r
(he hot gases escape to chimney through l!"u‘-
«moke chamber.

The steam collected in the water drum is
qeat led o the superheater tubes vi::,:
antipriming pipe. Since the superheater tubes
are uxposcd to hot gases, the steam passing
through them gets superheated. When steam
s raised from cold boiler, the superheater
should be flooded (filled with water) to avoid
its burning. The superheated steam is finally
taken out through the stop valve and supplied
to the engine when needed.

Capacity and utility : Evaporative capacity of
such boilers ranges from 20,000 to 40,000 kg/
hr and operating pressures from 11.5 to 17.5
bar are quite common. The steam from such
boilers is primarily used to run steam turbines
and generate electric pOWer.

Salient aspects : The notable aspects of Babcock
and Wilcox boiler in the context of merits and
demerits are :

(i) The unit has the capability to quickly
cope with high peak loads which are generally
needed at thermal power stations.

(ii) The inspection of the boiler can be
carried even when the boiler is in operation.

(iif) Draught loss is minimum.

(iv) The replacement of defective tubes can
be made readily.

Further, since the boiler unit ('_‘L‘XCEPt
furnace) is suspended, any expansion or
contraction of the boiler has n® harmful effects

on the masonry work enclosing the furnace an
the boiler.

W
a

-
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14.4. COMPARISON BETWEEN WATER

TUBE AND FIRE TUBE BOILER
T

The salient points of each are enumerated
below:

1. The two types differ from each other
with regard to the manner or order of
conducting hot flue gases and the water. Fire
tube boilers have products of combustion
passing through tubes which are immersed
in water. In water tube boilers the flue gases
surround the tubes through which the fluid
flows under pressure.

2. Fire tube boilers have large ratio of water
content to steam capacity. Larger water
capacity makes the boiler slow in reaching
the operating pressure and less immune to
failure in any feed water arrangement.
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requires pe
4. Large dlameter ot shell (2-9 m)
maximum thichkness of 30 mm and
considerations (_nm\inmm 12 kN,;mg) Ii“:?u-»,
pressure range from 17.5 bar (Lancashjre b?'lhe
and 24.5 bar (Economic boiler), E""dpur ’ﬂlﬂ'r
rate of these fire tube boilers is also limil_::;\rt.
900 kg/hour. to
Because of sr’nall drumf diameters
the water tube boilers can withstand hi };
internal pressures for the same wall thicknfgs
and stress. T]-.nese boilers can operate up g
pressure as high as 200 bar and have wide
ranges in capacity. Boiling temperature at 200
bar is about 640 K. Good carbon steel can
safely stand this temperature and still keep
the stresses within the limits of 8 kN/m?
5 With water contained in a large number
of small tubes in a water tube boiler, the heating
surface area is increased and evaporation rate

is considerably enhanced. All large power
plants use water tube boilers.
Slow rate of steam generatio
fire tube boilers unsuitable for us
power plants.

6. Circulation is more po
tube boilers and as such there is less tendency

of the deposits to settle on the heated surfaces.
This positive circulation also helps in QUi

steam raising. However, with high P"E?’ffures
and high temperatures in water tube b"'lf{rsi!
the use of pure feed water becomes essenti”

7. Due to large cylindrical dru
tube boiler, there is ample water sU
which the steam can be quickly raise<:
antipriming devices serve the pY

well.

n renders the
e in steam

sitive in water
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14.7. BOILER MOUNTINGS AND

ACCESSORIES
\

For efficient Operation and maintenance of
satety, the boilers are equipped with two
Categories of components or elements.

First category includes the fittings which
are primarily intended for the safety of the
boiler and for complete control of the process
of steam generation. These units are called
“boiler mountings. The mountings form an
integral part of the boiler and are mounted
on the body of the boiler itself. In accordance
with Indian Boiler Regulations, the following
mountings are usually installed on the boiler.

(1) Two safety valves

(2) Two water level indicators
(3) Pressure gauge
(4) Fusible plug

(5) Steam stop valve
(6) Feed check valve
(7) Blow-off cock
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(8) Man and mud holeg 1

Out ot the above Meniogn,.,
safety valve, water h'“'h”hiu -11::].‘]““
tusible piug are called sifety Mty LT '-'-
remaining are the control fittin e, Ty IIh

!-;,.\'ul‘n.‘] category il'nl']l,hil.‘1 this .
which are installed toincregge i
of the steam power plant and hely,

lys !

: ; P, ey

“'nrl-..ll‘:‘r. vl the boiler i, ”“‘“ L I""}».,
1

"y
called botler aecessories. Uhlldll_\,- % l"“llm ",
the tollowing accessories attached o, i;r ha,

(1) Air preheater

(2) Fconomiser

(3) Superheater

(#) Feed pump

(5) Injector

(6) Steam separator and steam o

Some of the above mentioney

mountings and accessories are discysg
the following sections with particular ye
to their function, location, constructj
operation.

(A) Safety Valves

Function : The function of the safety valye
is to permit the steam in the boiler to escape
to atmosphere when pressure in the steam
space exceeds a certain specified. lirlnit_ Thus
the safety valve prevents the building up of
excessive pressure in the boiler.

As per Boiler Regulations, each boiler must
be fitted atleast with two safety valves.

Location : The safety valve is located above
the steam space in the boiler. -

The safety valves operate On the princip ;
that a valve is pressed against 1ts seat thrn:ig
some agency such as strut, screw Ol: St!,:tream
by external weights or force. Wt_lent eder e
force due to boiler pressure acting Uﬂ1 o
valve exceeds the external force, the valve sgheﬁ
lifted off its seat and some of the steal; ;uain-
out until normal pressure is restorel 85 e

The commonly used safety va ve

described below :

(i) Dead weight safety valve

Construction and operatio
consists of a vertical steel p1pe

boi!er
Sed in
ference
on and

n : The un;t
the flang®




gteam ascaping
out after the
valve 1S lifted

1 Vertical st '
2 Flange i
3 Valve

4. Valve seal

5 Weight carrier
6. Weights

7. Cover

8. Drain

9. Feathers

10. Stop screw

Fig. 14.9. Dead weight safety valve

s bolted to a mounting block on the
hell. The gun metal valve rests on the
Al valve seat which has been screwed

“'his'
woiler s
cun metal v : .
o the tOF of the vertical pipe. A carrier on
-asting suspended from the top of the valve
scts as @ weight carrier. The dead weights
-onsisting of cast iron rings are placed on the
weight carrier. These weights are surrounded
by a cast tron cover which is attached to the
weight carrier. This is necessary to protect the
weights from being tampered with.

Under normal working conditions the
ypward force exerted by steam in the boiler
 balanced by the downward force equivalent
to the total weights on the valve. The
downward weight includes the weight of the
carrier, weight of the ring, weights and the
weight of the cover. With the increase in
pressure beyond a certain permissib!e limit,
the valve along with the weight carrier is lifted
off its seat. The steam then escapes through
the discharge pipe-

The steam which gets ;
passing, through the valve 1s drained by a drain
pipe connected to the bottom: The
guides the movement of the valve and Fhe
stop screw fittings on the discharg® casing

prevent the blowing away of

the weight carrier, in case the steam pressure
becomes too high.

For the valve in equilibrium position,

n
W=_2
3 1

where p is the steam pressure and d is the
diameter of the valve. The total downward
weight W calculated above is equivalent to
W = weight of valve + weight of cover *
weight of carrier * dead weights mounted

Merits and demerits :

o Simplicity of design and construction.

« Reliable with regard to satisfactory
performance during operation.

» Gafe from the possibility of any tempering
in the context of pressure adjustment.

However the Jead weight safety valves are
;table for boilers which are non-stationary.
It is becaus€ in partable boilers, there is the
danger of weights being displaced. Moreover
there occurs a reduction in the effective weights
when the moving unit is negotiating a slope.
Further its use s restricted only to low pressure

poilers because the high pressure poilers would

necessitate very heavy weights t0 balance the

gteam pressure:



(B) Water Level Indicator

Function : The function of the water level
indicator is to ascertain constantly and exactly
the level of water in the boiler shell.

Location : The water level indicator, also
called water gauge, is fitted in the front of
the boiler from where it is easily visible to
the operator. The top of the mounting is
connected with steam space and the bottom

with water space.
Construction and operation : The unit (Fig.
14.13) consists of a strong glass tube whose
ends pass through stuffing boxes in the gun
metal castings having flanges at the ends. The
stuffing boxes consist of heat resisting rubber
packings to prevent leakage of steam and
water. The flanges are bolted to front end plate
of the boiler, the upper flange being fitted to
the steam space and the lower to water space
in the boiler. There are two cocks namely steam
cock and water cock which communicate the
boiler shell spaces to the gauge glass tube.
When the handle of the cocks are vertical, they
are in operation and the water level in the
tube corresponds to water level in the shell.
A red mark on the glass tube indicates the

safe water level.
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Fig. 14.13. Water level indicator

The draincock serves to blow out water
at regular intervals so that there is no
accumulation of sediments and foreign
deposits. When closed, the handle of the cock
is kept in vertical position. The various screw
Plugs provide access to different passages for
cleaning purposes. ‘

The protection from the flying glass preces
in the event of breakage of the tube is Pl'm'lde:
by enclosing the glass tube by a thick gflizd
glass cover. Usually the boilers are mede&
with two water level indicators, one plac
on each side of the boiler shell.
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Location : I'he tusible plug s inserted at
the boy crown or over the combustion chamber
at the Jowest pvr111t~ee-'-ihlu water level.

; Construction and operation @ The unit
(Fig. 14.14) comprises three plu-g_..i A, B and C.
Th;‘ hollow gun metal J\ having hexagonal
flanges is screwed to a fire box crown plate.

plug C

Hexagonal
flange

Gun metal

Gun metal
plug B

Fig. 14.14. Fusible plug

also made of gun

d the plu C :
e 4 of lead which

The plug B,
screwed into plug d the
to plug B by a metal like tin
has a low fusing point. The phc:;
copper and has a conical top an

When the boiler is operating un
conditions, the fusible plug S cov
water and the temper_atture o

w its melting point. €Ty
?:;:)er level falls l:%elow a certam'hmlt.
gets uncovered from water and 18

to steam. This overheats the P

is locked
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Betore rehining, the batler, the operator
cither inserts a new plag or the same plug
after domg necessary repairs

Since the plug is subjected to heat on one
side and scale deposits on the other side, itas
likely to become defective. 5o during normal
running operations, the plug is usually replaced
after every two to three years service

(D) Pressure Gauge

Function : Each boiler has to be provided
with a pressure gauge which records the
pressure at which the steam is being generated
in the boiler.

Location : The gauge is usually mounted
at the front top of the boiler shell or drum.
The gauge has to be clearly visible to the
attendant so that he can easily record the
pressure reading.

Pointer
\\‘“" Ll Elliptic spring
&/ Pinion )
2 Tooted sector
Link
=
o
Steam
Plug Q 1
Three way |
cock water
Syphon — ‘ l
.

Plug. P
Fig. 1415 Pressure gauge
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 Constructipy amd operation ; The most
!MPortant pressyre sensing element of
Bﬂtlr'd:'n'h Pressgpe Bauge “;'?'-' 14.15) is the
clliptic SPring tube called Bourden tube. This
tube is mady ol a special quality ol phosphor
bronze and s solid drawn. One end of this
tube is closed by a plug and the other end is
secured firml'_\.' to a hollow block which forms
Passage  for steam. This block is in
cOMMmunication with the steam space of the
boiler through a syphon. The U-shaped syphon
contains condensed water and the water also
fills the spring tube. When the pressure of
steam is applied to the interior of the bourden
tube, it has a tendency to assume a circular
shape. In dm’ng SO jt L:EILISIL'S pull on the link
which operates the toothed sector. The link
mechanism is designed in such a way that a
slight movement of the link is magnified
considerably and the pointer gives a maximum
deflection which can be easily read on the
graduated scale,

It may be pointed out that the gauge
records only the pressure difference between
the steam and that of atmosphere. In order to
get the absolute value the atmospheric pressure
( = 1.033 bar) has to be added to the pressure
value being shown by the gauge.

The water in the syphon prevents the steam
from entering into the spring tube and thus
the tube remains comparatively cool. If the
steam is allowed to come into contact with
the gauge tube, it would overheat the tube
causing it to expand and this would affect
the accuracy of the gauge. The accuracy of
the pressure gauge during working of the boiler
can be tested by connecting the inspector’s
steam pressure test gauge to the plug Q. By
means of a three way cock, the pressure of
steam in the boiler can be communicated either
to pressure gauge or the plug Q.

A plug P is provided for cleaning the

syphon.

(E) Blow off Cock

Function : The blow off cock Serves to drain
out the water from the bojler periodically for
any one of the following reasons:

(1) to discharge mud, scale
impuritics which settle down gy the hjth‘:lh..r
the boiler. m

(11) to empty the boiler for interna| len
and inspection. Nin

(1) to lower the water leve]
level becomes too high.

Location : The unit is fitted a4 the 1o,
portion of the boiler. It may pe mnun:“
directly to the boiler shell or through 4 Elb::
pipe which is fitted to the boiler shel]

Construction and operation : e un,
(Fig. 14.16) comprises a gun metal plug havi,.,"
a hole or slot in it. The casing, SOMetimes G!Ik:i
shell, is bored to receive the plug.

'JI

Pidly jf

Yoke G‘:"“"
Gland Shank
el
l
|
| LA
|
|
- e e L L L ey
|
Plug
Valve
Set screw body

Fig. 14.16. Biow off cock

The shell is provided with two flanges,
one of the flanges is connected to the boiler
and the other flange is connected to a pipe
which takes the blow off water out of the boiler
house. The shank of the plug passes through
glands and stuffing boxes. Packing and glands
have to be provided so as to make the valve
leak proof when the boiler is steaming,

To discharge water, the plug is rotated so
that the slot made in the plug comes in line
with inlet and outlet duct. In the off position
the hole is a¢ right angles to the direction of
flow. This brings the solid portion of the valve
I front of duct and this prevents the flow.
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Check valve

on 2 The feed check valve has the

1 owing WO functions to perform: -

lull'-';; 0 allow the feed water to pass into the

poiler-
(i) 0 P!

the boiler 10

ump-
feed{,zmtiorl: The valve is installed between

the feed pump and the water space of the

woiler shell.
Hand wheel
Pliiuduisn T S8

the back flow of water from

Prevent ‘
event of the failure of the

the

Construction and
operation : The 1_mit
(Fig. 14.17) comprises
two valves-valve v,
called the feed valve
and the valve vV,
known as check valve.
The check valve
allows the water to
flow in one direction
only and that too from
the feed pump side to
the boiler side. When
the feed pump is
working properly the
pressure on the feed
pump side is more
ﬂ.'an on the boiler
side. Consequently
the valve V, lifts off

its epat the doliverv

To boiler

pPassape opens and the water

fo maintai ; e
MNaIN a constant walter Yo

the valve V :

o 1, thie buoagleer

L he
5 and hence the supply of |w ::Hr llll
At 0

the boiler can be ¢
by . s controlled by
Ftwlllun of the feed valve V, I;_"h*'l‘:l:;:"‘;j'. e
: o 2 I L
w raised or lowered by means of a hand wheel -

p Lan

If by chance the feed pump fails, the

pressure reduces on the water side The valve

V, then closes under the pressure of steam

and this prevents the back flow of water from

the holder.

7 .ln case it is felt that the check valve is not
giving a satisfactory performance, sufficient
water is pumped into the boiler and the feed
valve is pressed closed onto its seat. The check
valve is then removed and replaced after doing
the necessary repair and cleaning of the valve
and the valve seat.

(G) Stop Valve
Function : The function of the steam stop
valve is to shut off or regulate the flow of
steam from the boiler to the steam pipe or
from the steam pipe to the engine. When used
for the former purposes, it is called junction
valve. Usually the junction valve means a
regulating valve of larger size and a stop valve
refers to a regulating valve of smaller size.
Location : The junction valve is mounted
on the highest part of the steam space of the
boiler and is connected to the steam pipe which
carries the steam to the engine.




= T z’¥'Neenng Thermodynamics

of stop valve. The valve bodv usually made
of cast iron or cast steel has two flanées. one
flange is bolted to the boiler at the highest
puim of the steam space and the other flange
IS connected to the steam outlet pipe. There is
a spindle which passes through glands and
stuffing box. The glands and packing are
Necessary to make the valve leak proof. The
Upper portion of the spindle is threaded and
It passes through a nut in a cross bar or voke
rests on a valve seat pillars screwed to the
valve bodv by the lugs. The valve disc is
screwed to the valve spindle by a nut. The
lower edge of the nut comes in contact with
the collar provided at the lower end of the
spindle. It is obvious that by this arrangement
the spindle is free to rotate within the valve
disc. The rotation given to a hand wheel fixed
to the spindle top, raises or lowers the spindle
and this operation makes the valve disc to be
put on and off its seat.

The usual convention to quote the size of
the valve is the diameter of the steam pipe to
which it is connected, 1., 50, 75 and 100 mm
stop valves.

e
(H) Manholes

These are doors to allow me

” o . n to Ent
inside the boiler for inspection an

o TePpair.
(D Air heaters

Air heaters or air preheaters are . aste b,
recovery devices in which the air op its w"‘“l
utilizing the heat of the exhaust gases,

Air preheaters are classified into the
following two categories :

(a) Recuperative air heaters in which the
heat transfer is through a metal waj]. The o
gases pass through one side and
combustion air passes on the other side. 4,
is made to follow a zig-zag path so that
passes a number of times. The recuperatiy,
air heaters are subdivided into tubylap
or plate type depending upon whether the
tubes or plates are used for carrying the by
flue gases. Tubular air heaters are in the
greatest favour.

(b) Regenerative air heaters in which the
flue gases and the air are made to pass

Flue
gas in Earzrg[ T— Hot air out
Jiny=a
/
il
7
"y
C 2 e ;
7
/
e Vi
p‘
Cold 7
air in = ?
\ 4 A Pz /
Flue
U U gases out
Soothmf
gases out
Soot & fiy ash
(a) Tubular air pre-heater

(b) Plane air-preheater

Fig. 14.19. Air Preheaters
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space of the boiler vig feed check valve. When
the water flows upwards inside the tubes, it
gains heat from the hot flue BASes which are
Made to pass over the external surface of the
tubes,

For efficient heat transfer, the surface of
the tubes has to be kept clean from soot and
volatile ash deposits. This is achieved by
scrapers which are kept slowly moving up
and down to clean the surfaces. A pair of
scrapers for adjacent tubes are coupled together
by a chain which passes over pulley. The pulley
is driven by mechanical drive. It is obvious
that the simultancous action of adjacent pair
of scrapers is opposite in direction, i.e.,, when
one scraper is moving up, the other is going
down.

The safety valve opens when the pressure
of water becomes 10-15% higher than the boiler
pressure.

A bypass arrangement is provided to
isolate the economiser when it is not required
or when it is to be cleaned and repaired. Fig.
14.21 shows such an arrangement for two
Lancashire boilers fitted with an economiser.
When the economiser is in service the damper
A is closed and the dampers B and C are open.
For isolating the economiser we close the
dampers B and C and open the damper A.

\\.\\\\\ﬂ

5
b

Y
e

AR Y

L Lancashire boilers J
Fig. 14.21. Bypass arrangement of fiye gases

(K) Steam superheater

The steam generated by a simple boiler is
generally wet or at the most dry saturated
Steam superheater is a surface heat exchan e[:
in which the wet stream is first dried at tghe
same temperature and pressure ang then raised

to temperature above . . _
temporatun_: at cpnstant pressure. fll:.tur“'le.r
gascs is utilized in superheatin, the sld,t i,
as such the superheater is placeq jﬁlamm.
of flue gases. However in bigge, i t;n{. *:
the suPprheaifer may be Place: L_a o,
independently fired furnace. Sycp, i W
are known as separately fireq o
superheaters. Portyy,,
Since superheating results in the |
efficiency and economy of the steap, I’:a,:
has become the most important ﬂCcesm:‘"’
the steam power plants. The ﬂd\'ama&_’
using superheated steam are : '
(i) Increase in the amount of woj) i
for the same weight of steam and COnseques ﬂ
increase in cycle efficiency. |
(i) Loss due to condensation of steam i,
reciprocating steam engines is minimigeg b
an appreciable extent.
(iii) No condensation of steam in the Pipe
line connecting the boiler to the applianc
(iv) Absence of moisture in the stey
reduces the friction and the erosion of step
turbine blades.

Superheaters are classified according b
the mode of heat reception.

(f) In convective superheaters, the heat ol
the combustion gases is transferred to the
surface of superheater tubes by convection

(1)) In radiation superheater, the heat fron
the furnace is transferred by radiation to*
superheater tubes which are placed in one®
more walls of the boiler furnace.

(111) In combination type the steam first ent®®

the radiant superheater and then the conve
one.

The superheaters are also .c]inssiim1
i_iocnrdjng to the movement of gases a‘nd. st .
In the superheater. The three categorn®’,

counterflow, parallel flow and the co™ :
flow.
a cou”

The superheaters mainly follow :
ﬂOW arrangEment in order to redﬂiot
temperature of outgoing flue gases ot
lowest possible limit. The counte!
superheater has a small size and i o
weight for the same heat transfer to ¢

el

fef
the
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purth® P
ding 1€ the arrangement of superheater
. he boiler :

qverdect superheater is placed in the
or the water tubes.

ack
ull"""'

gace O ~ck superhe
5f 0 jnterdec superheaters are placed
water tubes which are located near

[nter-tube superheaters are placed

veen the bank or row of water tubes.

All :~‘1Ipcrhuatcrﬁ are essentially coil pipes
de from seamless steel.

Lot 4.22 illustrates the principle of
E Pemtipn of Sud :g,en’s hair pin type superheater
which 18 gsed in most of the low pressure
hoilers namely Cornish, Lancashire and
Babwt‘k and Wilcox boiler.

The path of flow of steam and the gases

% indicated respectively by solid and dotted

Jrrows. When the superheater is in operation,

the valve V3 18 closed and the steam goes to

the header Hy via valve V. The steam when
flowing inside the U shape tubes receives heat
from the flue gases which are made to pass
over the external surface of the tubes. The
5uperheated steam from the header H, is then
supplied to the steam main via valve V,. For

Main steam
pipe

Vs
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isolating the s
o Whl‘:; 1.|:L. superheater when it is not needed
it is to be cleaned and repaired, the

valve V. is ¢
boiler iu.l f“: d“.m"d and the steam from the
s fed directly to the steam main via

valve V..

Stcm::-:.--, ;e;lt"‘lr'l‘-‘ra.turu control of superheated

in Surn:g ~ .carrteq out by keeping the damper

part of tE :-rt:“udmh' position. In that case a

ot e hot flue gases passes over the
perheater tubes and the remaining portion

passes directly to the bottom flue.

The temperature control of superheated
steam can be carried out by keeping the damper
in some intermediate position. In that case a
part of the hot flue gases passes OVer the
superheater tubes and the remaining portion
passes directly to the bottom flue.

Fig. 14.23. indicates the position of an
gcononﬁser, an air preheater, and a superheater
in a steam generating plant.

(L) Feed water equipment

The pressure inside a steaming boiler 1s
high and so the feed water has to be raised in
pressure before its entry can be affected in
the boiler. Feed pump is a device which raises
the pressure of water and forces it into the

j Headers
H, Steel tubes
(U-shaped)
I N
o N
R
/ N\
)
o B
of X




ively through the same path. Tnitially
- hot gases pass throupgh a certain
whe alled matrin, the matrinreceives heat
el '::. .,:,.'n!*'l'-" and stores initselt. Nest when
{;' Lo raverse the sanw p.'nl'h. the malrix
« the heat otored in it to the air. This
Zaen small s12¢ and is light in weight,
v there is again of about 2% in the
Hiciency for vach 35-40°C rise ot the
= srature of combustion air. The other
[:d\-,gumbl"* of using preheated air are
‘ 0 ncrease in the evaporation rate,
(i) better combustion with less soot, smoke
and ash,
(i) jow grade and inferior fuels can be

usz‘d.
N Economiser
punction : The economiser is a device

which serves to recover some of the heat being
carried by exhaust flue gases. The heat thus
recovered 15 4tilized in raising the temperature
of feed water being supplied to the boiler. If
the feed water at raised temperature is supplied
to the boiler, it needs less heat for its conversion
into steam and thus there is a saving in the
consumption of fuel.

Steam Boilors, Mountings anc

CLasSS0Mnas

Ihe other advantagest tarmed by instalhing
ALY promiser AT

(1 'Ilnpruw.-nwm in the thermal efficiency
of the steam plant. It has been estimated that
for vach 5 1o 0°C rise in the temperature of
feed water, there is a pain of about 10% in the
plant efticiency.

(1) 1£mluo.‘ﬁut1 in the losses of heat with
flue gases.

(111} Increase in the steaming capacity of
the boiler.

(iv) Less thermal stresses in the boiler parts
and consequently long life of the boiler.

Location : The economiser unit is installed
in the path of the flue gases between the boiler
and the chimney.

Construction and opera tion : Fig. 14.20
shows the details of the Creen economiser used
with the boilers of medium pressure range
upto 25 bar.

The system comprises a number of vertical
tubes which are pressed hydraulically into the
top and bottom header. The feed water from
the feed pump on its way to the boiler enters
the bottom header, passes through the vertical
tubes and reaches the upper header. The upper
header is in communication with the water

3 4
; 5 10
2
Water A ]
outlet
1. Stop valve
/6 2. Gears
. 3. Top header
— = . 4. Chain
=i ER{ R — & e vive
6. Water tubes
Fiue ! ! gais:le? out 7 Scrapers
ga{-_ls;lﬂ — 8. Bottom header
— :_—: 9. Soot chamber
e ] 10. Pressure gauge
8
§ i u | Water
/ Tt l 7 inlat
%

Fig. 14.20. Green’s economiser
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il (he commonly employed pumping
ﬁpu-.\(:I)-;(,:;‘:“;if?ﬁd-l pumps which run at high
o sm-.l [‘| 5:0.1:‘: driven v‘llher by t'li,".':'trlt.‘ m.otor
all steam turbines. The electrical driven
pl.l.l"l'lp.“‘- d!'b. prinh]ri]y used for hlgh Cﬂp&City
E:}::k'l‘s which need a large quantity of feed
AL (250-300 "13/}‘101."'}. The steam turbine
d_“""-’” pumps too are used with medium and
high steam generating capacity boilers with
an output of 30 to 270 m3/hour.

(1) The reciprocating steam piston pumps
are used with stationary boiler installations
with a capacity of 10-15 ton/hour.

Usually a boiler house has two feed water
pipe lines, one working and the other as stand-
by and the output of each pump is
approximately 50% more than the capacity of
the boiler.

(17) In vertical and locomotive boilers, the
water is mainly fed with the help of injector.

With reference to Fig. 14.24, the steam
enters the steam chamber whose outlet is in
the form of a converging nozzle. In the nozzle
section, the steam expands with a consequent
gain in velocity at the expense of pressure.
The resulting jet mixes with water in the mixing

tube. The steam condenses and a vacuum is
created in the mixing chamber. Due to vacuum,
more water is drawn from the feed tank into
the mixing chamber. The jet of water then
enters the diverging cone where the kinetic
energy of the mixture is conv'erted_ into
pressure. The increase of pressure is sufficient
to force the water into the boiler through feed

check valve.

Fig. 14.24. Steam injector

To start with, the pressure in the mixing
chamber is higher than the atmospheric
pressure. Consequently the water and the
uncondensed steam escape to atmosphere
through the non-return valve V,. The hand
wheel is then turned and the annular opening
between the nozzle and mixing tube is altered
so as to establish a jet action. This results I
the creation of rarefaction in the mixing chambef
resulting in the closure of the valve V). m
water from the feed tank rushes with high
velocity to the mixing cone and reguld!
operation of the injector is established.

The injector though limited in use t0S
boilers has the following advantages:
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Gtresses:

L addition to the fittings described above,

e poilers ar* also t-.f;tcd with an antipriming

aater separator and the steam trap. We

. that when a poiler is required to raise
steamm quickly. the s_tcam.i.q bound to carry
ater particles with it. Before being su pplied
o the engine, arrangf}mentﬁ_ are made to
sparate the water particles going along with
steamn- _

An :mtipriming pipe is a cast iron box which
is fitted 10 the steam space of the boiler shell
and under the mounting block on which the
steam SLOP valve is to be bolted. When the
steam with water particles passes through the

rforations made in the upper half of the

antipriming pipe, the heavier water particles
separate out and are collected at the bottom
of the pipe. The water thus collected is later
on drained to the boiler through the holes
which are made at the ends of the pipe-

The steam separator OF drier also serves the
purpose to remove the water particles being
carried along with steam and the water
particles resulting from a certain amount of
condensation in the steam pipe between the
boiler and the engine. The steam is led to pass
through a chamber in which it strikes the baffle
plate, gets deflected and made to change its
direction. The water particles are thrown out
because of greater inertia. The water collected
at the bottom of the chamber is drained out
at regular intervals.

Steam traps are used to collect and
automatically drain away the water resulting
Z?m t.he partial condense;tion of steam without

owing any steam to escape with it. The steam

LEel G i | ..I t'l..'l 1 ‘.1- 1 “'H‘ tl S (i
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trap by ¢ :
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e }11‘;:l{..:\:l‘ I l'l-.lp water has been diml:.l:rrr l;

the es " h s again closed and this prev i-jl
escape of steam which follows wnu-:-nh

14.8. HIGH PRESSURE BOILERS

For hi}','ll ethicieney of ¢ . ;
the Cf‘rltn:t theory Hu?%:-%:-s-.::lll&;:: :’I“um_.r plant,
addition temptratur E fr?lture_ Fhe dibied st
SHisiis, FiESRE ; is increased by increasing

L 55 and temperature.
rejection isptrzdure. et of hiea
i uced by producing and
maintaining high vaccum in the condenser.

Apparently, the modern trend in central
power stations is to generate and use steam
at higher pressures and temperatures. Boilers
have been built which operate with pressure
ranging from 60 bar to 200 bar and temperature
upto above 600°C. The super critical boilers
have pressures in excess of the critical pressure
of steam (221.2 bar). Since the properties of
steam in critical range are quite different, the
boilers working in the supercritical range differ
from the subcritical boilers both in design and
operation.

The special features in the design of high
pressure boilers are:

(i) An external pump is employed in the
high pressure boilers to force water as steam
through the boiler circuit. The circulation so
setup is in addition to the natural circulation
due to static head and convection currents.
This positive circulation has been
recommanded and i normally employed with
boilers operating at pressure above 160 bar.

(ii) The high pressure boilers have parallel
set of tube arrangement and this minimltses
resistance to flow of current. Further these boilers
are characterised by the use of very small stear

separating drum or b _
any drum- The supercriﬁcal pressure boilers

once through boilers, do not require any boiler

or
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Cments of heg supply

(a) h'"’““H Waler by Superheated steam
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(¢) lm‘rv.wing the heat flow rate through

the tube walls by ys;
at Supersonje Speeds,
Other SPecial featyreg are :

= Sufficient volume of the furnace

= Protection of water tubes from intense
heat radiang Zone

T very large combustion chamber

= sufficient area for the furnace

water
cooling surface

Fullowing are the advantages of forced
Circulation wich is employed with boiers that
OPerate at pressyres in excess of 160 bar.

(1) elimination of high head needed for

iler components and tube layout.

(i) reduced erection time and cost dye o
less weight and Space requirement.

(v) greater Possibility to operate the forced
circulation boilers at other than design
conditions because the circulation js pet
dependent on pressure and temperatyre. ‘

() less tendency of scaling due to high
circulation velocity.

(vii) steam can be raised quickly and loag
changes not rapidly.

(vifi) uniform heating of all parts :‘md that
eliminates the danger of nverheatmg and
thermal stress.

() maintenanc,. 4 UNItorm gy
-
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= the safety of bojler ""P"ml; Mg
Pumping equipment he

- the water has to be of hl;_r’h;.“ Pur,

Some of the high Pressyre boiler, ]
explained below regarding the,, “'”“"lm-,:
and operation.

14.8.1. Lamont boiler

Refer Fig. 14.25 which shows the o ”
ics of Lamont high pressyre steam botler Wh

*

Is of the water tube type and employs ff,m_;j'

circulation.

Air preheater

e L BRE

\Em
(convection)
pump Vaporay
(rackant)

Fig. 14.25, Schematics of Lamont boiler

() The feed water from the hot well s
made to pass through the economiser with the
help of a feeqd Pump. While passing UWIOUSI‘
the economiser, the feed water is heated by
the hot exhayst Bases and is then suPPh‘-’g;
the €vaporating (steam separating) drum w
IS set external to the boiler.

(i) The circulating pPump operates at 2;:3
3 bar above the boiler pressure, draws the f




The term draught refers to the small pressure
difference that causes and maintains a
continuous flow of fresh air into the combustion
chamber/furnace of a boiler. Essentially the
draught means a force required to :

(/) maintain a continuous and sufficient
supply of air through the fire bed to aid in
the proper and complete combustion of fuel.

(ii) draw the resulting hot gases through
the system comprising fuel bed, furnace, boiler
passes and settings.

(iii) exhaust the flue gases to the
atmosphere after they have given their energy
content to the water being evaporated.

This chapter is devoted to essential aspects
of natural draught produced by chimney, and
the artificial draught produced by fan or steam

jet. The various parameters related to
performance of a boiler have also begy
explained.

15.1. DRAUGHT: ITS NECESSITY
AND CLASSIFICATION

==

The amount of draught necessary for a certaip
boiler installation depends upon :

(i) nature of fuel and its depth on the grate

(if) rate at which combustion is requirec
to take place

(iii) design and shape of combustio
chamber

(iv) method of burning of fuel

(v) resistance in the flue gas circuit offere
by baffles, tubes, superheaters, economiser, a
pre-heaters and dampers etc.

Draught

I

' '
Natural draught Artificial draught
| | |
Mechanical Steam jet
or fan draught draught
I |
' ' { ' {

Induced Balanced Forced Induced Forced

446
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; I;-,-u‘d on the sy stem adopted for its
., the draught is classified as per the

T
“I'I-“‘l Hl\L‘\'t‘;

L ,i\-l‘tl [
52 NATURAL (CHIMNEY) DRAUGHT
/-L;rdll}:ht 1= PI'UdllL't'd l‘l\, the use of

The n.lluml :
PR '“.1 i""l ACCOTL m \l i guanlf .
4 ply referred to as

o draught. The chimney is a vertical
bl structure made either of brick masonry,
reinte? .‘t‘tilt‘i'nu"l't‘l'*' or steel. The ':hi""“-;‘r'
i the flue REIR (combustion products) to
height before discharging that it causes
ﬁt* harm 10 the surrounding atmosphere :
The qatural draught is caused by the
Jitference in temperature (and so density)
petween @ column of hot gases inside the
chimney and a similar column of normal
tmospheric air outside the chimney.

p

‘} Column -
B
H P
o Column
A
4 b
D

Fig. 15.1. Concept of natural draught

Consider two columns A and B containing
gases of different densities P, and P,
respectively as shown in Fig. 15.1. These
densities are assumed to remain constant
through the entire height H of the column. With
atmospheric pressure pPy being exerted at the
open ends of the columns, wWé have

Pressure at the base of column A

- pal T pn gH
Pressure at the base of column B
=p,* Py 8H
_ Then pressure difference
given by :
ap = (p, - Py) 8H (15.19)

With cold air at atmospheric conditions
filling the column A and hot fire gases filling
the column B, the column A becomes
unnecessary and the arrangement can be

depicted as shown in Fig. 1517

Apat thebaseis

Equation 15.1 can then be rewritten as
Ap = (p, -p)gH ..(15.1b)
- .:’:;‘L\;‘:’:t"r:halui p, represents density of cold
" ue pases respectively.
th-‘:‘[?:.v :hu.-.f.h-nhih..- ul'lhul flue pases 1S less
. density of outside atmospheric air, a
pressure difference would exist across the duct.
When the duct is opened |, the draught will be
created and this will cause the outside air to
flow into the furnace.
he draught (pressure difference between
the gases at the base of chimney and the outside
atmospheric air) 1s measured in mm of water
column indicated by the manometer which is
placed at the base of the chimney. In an
ordinary chimney, the draught is less than 12
mm of water column which means a pressure
difference

1000 x 9.81 x L2
= 4
ap 81 % 7000

= 117.72 N/m?

between the outside air and gases at the base
of chimney. This pressure difference causes the
flow of air to the combustion place.

15.2.1. Height of chimney

atmospheric air.

f~71  Columnofcoldgas

Loqq-d-==--)
P
Equivalent : '1‘
:
'
\
]
]
1

column of
hot air

L.El'\."ﬂlll::ii-----1 -_——t-
grate

+4----

Fig. 15.2. Schematic arrangement
for natural draught

Refer Fig. 152 for the schematic
arrangement of natural draught produced by
a chimney placed at a certain height above the

grate. Let

The amount of natural draught produced
by chimney depends on the height of chimney,
the temperature of hot flue gases and that of

i

|

i

: &
J. ==

““i %
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15.4. BOILER PERFORMANCE

The purpose of the boiler is to generate 5learn;
at the predetermined pressure and tempefﬂmof
by using heat produced by the ,:t..)mbustlonl
fuel. The evaporation (steam raising) capacity
of the boiler depends upon

(a) grate area, i.e., the amount of fuel the

boiler can consume . ¢

(b) heating surface, ie., the quantity ©

heat the boiler can absorb

The evaporation capacity may be EKP"ESS&;
as kg/hr-m? of heating surface or kg/kg ©
fuel burnt. If the grate area and heating surfgce
are kept constant, the amount of water which
a boiler can evaporate further depends upon :

(a) pressure and temperature conditions
under which the boiler is operating

(b) quality of steam being raised (wet, dry
or superheated) ‘

(c) temperature of feed water being
supplied to boiler.

Apparently it may be realized that the
number of kg of water evaporated per hour is
not an exact measure of the performance of
the boiler. For making comparison of the
relative evaporation capacity of the boiler, the
water is supposed to evaporate under the
following standard conditions:

(1) feed water is a supplied to the boiler
at 100°C

(1) evaporation of water (steam raising)
takes place at the same temperature of 100°C

(117) the steam raised is just dry and
saturated.

When water evaporates under these
conditions, it requires 2256 k] /kg of heat which
equals the latent heat of steam at 100°C under
atmospheric pressure of 1 bar.

Equivalent evaporation of water is then
defined as “Evaporation which would be
obtained if the feed water were supplied at
100°C and converted into dry saturated steam
at 100°C at the standard atmospheric pressure
of 1 bar.”

Let W, = weight of water actually

evaporated into steam per kg of coal burnt at
the boiler working pressure,

S e T

h, = specific enthalpy Dfm
at lh@

working pressure
h,, = specific enthalpy o
of feed water.
Then : heat absorbed by water "
working pressure,
= l'ﬁ."‘l {hs - h w)
If W, denotes the equivalent ——_
then heat absorbed under standarg cﬁndih-l:;'
=W, L, :
where L, is the enthalpy of eva r..:”}'
(latent heat) of steam at 1 bar and ; UG"Cahu“
it equals 2256 k]/kg.  ang
Equating expressions (a) ang o), ,
obtain. ;g

Siblg hEat
|

lhebﬂil.e, ,

Wﬂ' (hs - hw)

W, = L kg/kg of coal burm,

---[15.11]

h, —h .

The factor { 2 L “’} in the apgy,
expression is always greater than unity ang i,
known as factor of evaporation or generation factor
The factor of evaporation may be defined 5
the ratio of heat absorbed by 1 kg of feeq water
under working conditions to heat absorbeq by
1 kg of water from and at 100°C (standarg
conditions).

Boiler efficiency is defined as the ratig of
heat energy utilized by feed water iy
converting it into steam in the boiler to the
heat energy produced by complete combustion
of fuel during the same time. Thus

energy absorbed by feed water
energy produced by fuel

Nboiler =

Wa (hs i hw )
Wf x calorific value of fuel

(1512

where W, is the weight of fuel consumed

during the fime the weight W, of water s
actually evaporated.

If the boiler is equipped with an

€conomizer and a superheater, then th

efficiency of the unit is expressed in terms o
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Exhaust 1o
atmosphera
Boiler
induced draught ey
fan
| e |
= Grate . -
Hr i,n]al 5;;==:5::::: :E;: 77777777 7272707 P27Pe7720: ﬂ'.'lﬁlﬂ'f
Economiser
Air preheater
ig. 15.3. ics of i
Fig. 15.3. Schematics of induced fan draught
Exhausi to
aimosphere
Boiler
I
< oo draught Chimney
FIIFIRIRIE
Economiser
Air preheater

Fig. 15.4. Schematics of forced fan draught

of Sufﬁcientiy high draught, some mechanical

delivers air to the furnace under pressures
gystem has t0 be adopted. The draught so

varying from 2.5 cm to about 7.5 cm of water.
roduced by 2 fan or steam jet is known as The pressure helps in circulation of flue gases

i d then
Eﬂiﬁciﬁl draught. through co_mponents of theh::?ﬂer an
ht through chimney to atmosp :
15.3.1. Fan draug

The comparison between induced ar.\d
The draught produced by a fan is called forced draught systems can be made with

the fan draught of mechanical draught. The respect to following aspects: .

fan draught is of three type> namely (i) induced (i) Induced draught fan handles hot fg,a.l ses

(i) forced (i) palanced draught. _ which have greater volume beca:se OCh ow
In the induced draught system, the fan is  density at elevated temperatures. As su

1 1 than that of a forced
t the base of the chimney. The fan s1ze will be greéter
Fiati;iil‘;z adepression which induces the  fan for the same boiler. For the same reason,
fi:w of air through the grate. The air sucked in  the nduced draught system requires greater
i i f fan power.
t ble to burn a large amount 0O P
:1;:]1‘: a: hﬁfes::l combustion space. The induced (ii) Induced draught fan neefi; “;ate::_l co;[g
by the bearings since it is to withstand M
d ents the draught created by g _ |
Ei?:ﬁih t E;Jg;’?ﬂﬂ and the system is usually temperature of gases being handled by it. P
emplofed when the boiler 1 provided with (iif) With ‘nduced draught, the furnace ?1111 t
economisers and prE-heatErS- boiler gases are at a pressure lo:er t:and Oa
In the forced fan draught, a fan of blower  of atmosphere. C'c-_nsequenﬂy when the o r151
installed near or at the base of boiler grate are opened for firing and cleanung, there wi
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be inrush of cold air into the furnace. This air
infiltration reduces draught 1hrnug_h the
system, cools the flue gases and impairs the
transmission efficiency of heating surface,
However, this inward leakage of air prevents
the danger of blow out of flames and ashes.

(iv) With forced draught fan, there is more
uniform flow of air through the grate. The air
penetrates into the fire bed better and this
improves the rate of burning of fuel.

(v) With forced draught, all leakages are
outward. When the fire doors are opened and
the fan is operating, there will be serious danger
of blow out.

Sometimes a combination of induced and
forced draught system, called balanced draught,
is employed. In this combination, the induced
draught removes the gases from the furnace
and the forced draught overcomes the
resistance of the fuel bed so that sufficient air
is supplied to the fuel for its complete and
proper combustion. Slight negative pressures
are maintained on the fire bed so that leakage
is inwards and there is less danger of blow out
of flames and ash.

15.3.2. Steamjet draught

The draught produced by steamjet is called
steamjet draught and it is of two types namely
forced and induced.

In forced draught, the jets of steam after
having been throttled to 1.5 to 2.5 bar gauge
are applied below the ashpit which is located
under the fire grate of the furnace. The
surrounding air is dragged along the fuel bed,

furnace, fire tubes and finally to ﬂlm““PhurQ
ough chimney.

thr I,.,g‘mdu{?ed draught there -ig a blag, P

Jow pressure exhaust str_eam in the oMo,

box, i.e, at the base of chimney. The Partiy

vacuum thus creu@ed forces.the flue e

out through the chimney. This arrangem,

E .
has been successfully employed ;, )

locomotive boiler.
Steamjet draught has the rﬁ“"'ﬂing

advantages : '

_ simplicity of operation

- cheapness in cost
comparatively maintenance free ; p,
maintenance cost
- requires little space for installation
capability to use low grade fuels

However the steamjet draught can pe

operated only when steam has been raiggq
at proper pressure. Further, the draugh
produced is low (20-25 mm of water colump)
and the system can be installed only on smal]
boilers.

15.3.3. Comparison between artificial and
natural draughts

The mechanical or artificial draught is
better and economical than the natural or
chimney draught as becomes apparent from
the following aspects :

(1) The artificial draught has increased rate
of combustion due to high draught. Less
quantity of air is then needed for complete
combustion of fuel. This reduces the weight

Exhaust to
atmospheare

Induced draught ooy
fan

Boiler
Forced dranght
fan
— 1
Grata -
ITIITIITIIIITTTITIIIT

7”%’! Sy
Economiser

Air preheater

Fig. 15.5. Schematics of balanced fan draught




=
. gases per kg of fuel which meang less
of 145 Feat to exhaust gases.
0SS 2 The artificial draught is flexib]e which
_,(,15 that the draqght Pressure can pe
r_’t:.,‘lro”"d by regulating the flow of i, or
e
,;tf-’":;e-tri-.e artificial draught is independent
fd;n‘l-*“c conditions which often seriously
L1'|‘m:t the chimney draught.
f i EconomiFa_l use of low grate fyel is
_ible with artificial draught due to higher
_Pr;znsit}’ of draug .
in (5) The function of chimney with high
ensity artificial draught is only to discharge
:he hazardous smoke 'and gases high up in
i atmosphere. Creation of draught is then
sy secondary function and as such the
chimney height can be kept small,
©) smoke fgrmation_ and tendency for air
cakage in the furnace is less with artificial
draught.
(7) Efficiency of fan draught is about 7%
whereas that of chimney draught is less than

1%.

EXAMPLE 15.1
Calculate the height of chimney required to generate
q pressure difference of 100 mm of water column.
The temperature of outside air is 30°C and the
average temperature of flue gases in the chimney is
150°C. Neglect friction losses in the chimney and
assume appropriate value of gas constant for air.

Solution :
AP = 100 mm of water column
- 100
= x x
8" 1000

= 100 g N/m? (- P = pgh)
The draught in terms of presence difference
in N/m? is given by
AP = gH (9, = Pgases ()
Density of air,

p 1.01325x10°
Pair = (ﬁlm. = 287 x(273+30)
= 1.165 kg/m?
Density of flue gases,




15.2.4. Advantages | disadvantages of
chimney draught

e The (hil'nn(‘}' I'-‘- very easyv to CONStry,
has a long life, requires no maintenance ,, .
needs no auxiliay power for its operation -

e The draught produced by chimney Varie
with external weather conditions and the
temperature of flue gases. The drtsnugﬁt
decreases with increase In outside a
temperature and for producing sufficiens
draught, the flue gases have to be dischargeq
at comparatively high temperatures and this
results in loss of overall plant efficiency
Further, the chimney has no flexibility to Create
more draught to take peak loads.

15.3. ARTIFICIAL DRAUGHT

The use of chimney for producing draught of
the order of 25-350 mm of water column

needed for bigger power plants 1s neither
economical nor convenient. This is because the

chimney height has to be increased
considerably and chimney draught depends on
climatic conditions. To meet the requirements



o (_;g_) 101325 %107
guses ™ \RT Jyuaes 287 % (2757 150)
- 0.835 kg/m’

Substituting the relevant data In

expression (1)
100 g =g *H (1165 - 0.835)

Then height of chimney

H = 100 = 303 m
1.165—-0.835
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iency which takes into account the

e[ﬁcl"“ Y Econﬂm‘mr and the superheater.
er . fficiency is a meas

omi zer € ure of the
Ecgﬁo “ped bY feed water from the flue gases
peat® o on way to chimney.

h @
hich

o

heat asbrobed by feedwater
in the economiser

wmm heat C?ntent of flue gases
entering the economiser

Wwfpw(twrtw._ )

Wiy (tr ~ta) il
where
w. and W, = weights of water and flue
v gases respectively
. and ‘pf= 5peciﬁc weights heats of
Lt water and flue gases respec-

tively
b and t,1 = temperature of water enter-
ing and leaving the econo-
mizer
t, = temperature of flue gases
entering the economizer
- temperature of air being
supplied to boiler.
Boiler horse power is the term used for
the performance unit equivalent to evaporation
of 15.653 kg of water in oné hour from and at

100°C. Thus
Boiler horse power

equivalent evaporationf hr

~ fromandat100C__
15.653

(1514)

EXAMPLE 15.9.
A boiler generates 45 % 10° kg/hr of
10 bar pressure and 0.95 dryness fract
receives water at 40°
furnace at the rate of 5

equivalent evaporation of boiler per kg of coal bumt.f

Solution : Mass of steam generat
coal bumt,

iler Draught and Boiler Performance B 459 “

e

wet steam at
on. The boiler
C and the coal burns in the

mass of steam generated /hr
mass of coal burnt/hr

45 % 10°

5% 10

< :Atdm bar pressure, the properties of steam
ead from the steam tables are :

h, = 762.6 k}/kg
and hg = 2013.6 k)/ kg
At 40°C feed water temperature;
h, = 167.6 k]/kg
Enthalpy of steam
h=h+x h
= 762.6 + 0.95 + 2013.6
= 2675.52 k] /kg
Equivalent evaporation
- m(h — hs)
Jatent heat at 100°C

2257
= 10 kg/kg of coal

m =

= 9 kg /kg of fuel

EXAMPLE 15.10.

A boiler evaporates 5 kg of water per kg of coal
burnt on the fire grate in the combustion chamber.
The temperature of feed water 1S 30°C and the steam
is raised at 10 bar absolute pressure. Calculate the
equivalent evaporation from and at 100°C per kg of
coal as well as the factor of evaporation if the steam
produced 1s (a) 0.95 dry (b) superheated to 250°C.
Take specific heat of superheated steam
= 2.1 kjkg K
Solution : From steam-tables,
At 30°C feed water temperature :
hy, = 125.77 K}/ kg
At 10 bar absolute pressure -
hy = 762.79 k1/ kg
h, = 2015.3 K}/ kg
and T © 179.91°C
Mass of water evaporated
m =5 kg/ KB of coal
(@) Enthalpy of steam
b=y Xy
= 76279 + 095 * 2015.3
= 267732 K] /kg

L ——





