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™y w;:: [":;C‘els_sary for the operation and safety of a boiler are known as boiler
. prcesufe el indicator, and the fusible plug are the devices used for the safety
nd th;asc ' gauge, ft?ed check valve, blow-off cock and steam stop valve fall under
Safety Valves, Wh ‘arc essential for the operation of the boiler.
NP ool by m.ain f::cttlixsre 1fs a sudden drolp.in steam requirements, the steam pressure in the bojler
steam pressure in the boiler n g. a safety valvells to preyent under such a condition, an increase in the
T S atesiaticad c¢xceeding a predetermined maximum pressure for which the boiler is designed.
i Om"‘.‘c"f y done by opening of the valve and discharging of the steam to the atmosphere as soon
as the pressure inside the boiler increases above the predetermined value. The safety valves are directly placed
Ob:;the top of the boiler shell. The different types of the safety valves which are commonly used are discussed
ow.
10.2. SPRING-LOADED SAFETY VALVE

This type of safety valve is commonly used
now-a-days for stationary as well as mobile boilers. It et
is loaded with spring instead of weights. The spring  yave
1s made from a square steel rod in helical form. : : \

A spring loaded safety valve commonly used on  SEAT (X i
Locomotive boiler is shown in Fig. 10.1. It consists of \ J 3
two valves, each of which is placed over a valve seat ) \
fixed over a branch pipe as shown in the figure. The ‘
two branch pipes are connected to a common block T
which is fixed on the shell of the boiler. The level has
two pivots each of which is placed over each respective <
valve. The lever is attached with a spring at its middle 1
which pulls the lever in downward direction. The low.er |
end of the spring is attached to the back as shpwn in \ /
the figure. Thus the valves are held tight to their seats

“by the spring force. I

These valves are lifted against the spring when
the steam pressure is greater than the workm'g preasure ’
and allows the steam (o €scape from .the boiler till the
pressure in the boiler reaches its \A'(()l'kll"lg pressure. Tl}e '
lever has an extension which projects mto.lhc dn.ver 8 ~ Fig. 10.1. Spring loaded safety valve.

.abin. The driver can rélease the pressure if rcquared just by raising the lever. _The le\_fcr 1S connect_ed logsely
. link to the block. This limits the valve opening and prevents the lever blowing off in case of spring failure.
o l;'he valve is much lighter and compact compared with other safety valves; therefore, they are preferred

| stationary and mobile boilers.
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10.3. HIGH STEAM LOW [
VALVE WATER SAFETY 5 Lever La
Itis a combined safety arrangement against high onl

Steam pressure and low water Jeve] in the boiler. This

s generally used in Lancashire boler. It is actually a el Volve [ V2]

combination of two valves, one of which is lever safety

valve which blows off steam when the working pressur::

of steam exceeds the preset valye. The second valve YaiYl

operates by blowing off the steam when the water level ﬁ;’

in the boiler falls below predetermined level. This raises Collar (C 1
an alarm, so that corrective action can be taken by

pump | in water. Levar! 79

A commonly used high steam low water safety

valve is shown in Fig.10.2. It consists of two valves » ;‘6? ¥ ‘(PI
V| and V; of which the valve V| rests upon the valve o
seat and valve V, is placed over the valve V| which '
acts as valve seat for valve V. '

i

To maintain the pressure of the steam in N e st
boiler, it acts like a simple lever safety valve. The lever ~———T T = = = == w3 Float

Ly is hinged at its one end and a weight W is hung ——"——"-—->="—-"—"—-13 e e e

from the other end as shown in the figure. The pivot — — — —— —— =~ T

P is placed over a valve V; and when the steam
pressure exceeds the normal limit, the valve V) is Fig. 10.2. High steam and low water safety valve.
lifted with the lever L; and the valve V, also. So the steam escapes through the passage between the valve
seat and the valve V) till the pressure becomes normal.

Inside a boiler shell a lever L is hinged at the point P as shown in figure. A weight W, is connected
to one end of the lever and a large weight W3 to the other end. The valve V; is connected with a spindle,
the lower end of which has a weight W,. The knife edge K touches a collar C of the spindle of the valve
V,. Under the normal level, the weight W3 remains in water and whole system with weights is balanced.
When the level of the water falls and the weight W; is uncovered, the system becomes unbalanced and the
weight W; moves in a downward direction (because its acting ' g
weight increases as buoyancy force is decreased as it is partly
uncovered). This causes the knife edge to push the collar C with
the valve V; in the upward direction. So the steam escapes through
the passage between the valves V, and V,. The escaping steam Siass
causes a loud noise as it passes through a narrow passage. This  tuse._
noise warns the boiler attendant about the low water level of the B
boiler, so that corrective action may be initiated.

10.4. WATER LEVEL INDICATOR

It is an important fitting which indicates water level inside
the boiler to the observer. Usually two water level indicators are
fitted in front of the boiler. The water indicator shows the level
or water in the boiler drum and warns the operator if by chance
the water level goes below a fixed mark, so that corrective action
may be taken in time to avoid any accident,

A water level indicator used in low pressure boilers is shown
is Fig. 10.3. It consists of three cocks and a glass tube. The steam
¢ock 1 keeps the glass tube in connection with the steam space Fig. 10.3. Water Jevel indicator
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and cock 2 puts the glass tube in ¢ : ‘ vy
ss tube in connection with the water space in the boiler, The drain cock '3 is used

o drag % i :
te :_‘;‘::Z‘::::‘.m;‘,i“:‘:;-:‘&1’"‘::}‘;'\:1 R‘lt\St ‘_‘::w . lmmvulw to ascertain that the steam and water cocks are Clear

i ;h-f | ! Hi p.UV\t rally protected w_nh a shield. ‘
cock ix &‘lu.\'c..; i\:: i:"::“\'f:\‘jt ::"j :‘ll“t‘lf] '%‘““I in the !n)nlt-r'. ll‘w steam fmd water cocks are opened and drain
S B o um‘m: m.J l‘:l- t;;. h:'.“ .c: :uc p:;ufefi in vcm‘vu!lpfmlmn.am shown in Fig. H),]; The steam
fevel inside the botler will & ‘m}:"lssA Ll, ‘»c l\!l wialer clnllcm from the lower end of the tube. So the water

‘ same as seen in the glass tube.
the hJ:t?:::‘:“:::i‘“:;‘";ll‘“-““ﬂ.‘i' at the Cl\tﬁs of the glns.ra tube contains two balls. In case, the glass tube is hmk‘cn,

_ { along its passage to the ends of glass tube and flow of water and steam out of the boiler
I8 prevented.

The water ?c\-ci indicator can be taken out from boiler for cleaning purposes by

when the boiler is not working.
10.5. PRESSURE GAUGE

‘ A pressure gauge is used to measure the pressure
of the steam inside the boiler. The commonly used
pressure gauge known as Bourdon type pressure gauge,
is shown in Fig. 10.4. It consists of an elastic metallic
type of elliptical cross-section and is bent in the form
of circular arc. One end of the tube is fixed and
connected to the steam space of the boiler and other
end is connected to a sector wheel through a link. The
sector remains in mesh with a pinion fixed on a spindle.
A pointer as shown in the figure is attached to the
spindle to read the pressure on a dial gauge.

When high pressure steam enters the elliptical
tube. the tube section tries to become circular which
causes the other end of the tube to move outward. The
movement of the closed end of the tube (other end) is
transmitted and magnified by the link and sector as
shown in the figure. The sector is hinged at the point
H as shown in the figure. The magnitude of the
movement is indicated by the pointer on the dial.

removing the bolts

C-Spring tube, B-Block, R-Road, H-Hinged point,
T-Toothed sector, P-Pinion, N-Pointer, K—Cock.
Fig. 10.4. Bourdon pressure gauge.

10.6. FUSIBLE PLUG
The main object of the fusible plug is to put off the fire in the furnace of the boiler when the water
fe level and thus avoid the explosion which may take place due to

level in the boiler falls below an unsa
overheating of the tubes and shell. This plug 1s generally fitted over the crown of the furnace or over the

combustion chamber.

A fusible plug which is commonly used is shown in Fig.10.5. A is a hollow gun metal body screwed

into the crown of the boiler grate. B is a second hollow gunmetal plug screwed into the plug A. The third
plug C is locked with plug B by pouring a low melting point metal into groove provided for the same.
Under normal water level condition in the boiler, this plug is covered with water which keeps the
emperature of the fusible metal below its melting point. But when the water level in the boiler falls low
enough to uncover the plug; the fusible metal between the plug B and C quickly melts and the plug C drops
out. The opening SO made allows the steam to rush the water into the furnace and extinguish the fire. The
steam rushing out puts out the fire and gives warning that the crown of the furnace is in danger of being

nwﬂﬁ .
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10.7. FEED CHECK VALVE gl RTINS
j The function of the feed check valve s 1 wliow e Biipfily (F Gatrg BV " '; s
continuously and to prevent the back flow o wintit Teous the faale whei ok sl i
boiler pressure or when pump fails.
A commonly used feed check valve is ehiwn i Vgt W1 e

s e
i di #% i B &'
i 1 & { €l
£ R infraiaes

al water level of the boiler. The lift of the nom betirn vialve i ko galatait By e o 'w} il T R g
F 1 v . A g g e K APy v -
(E) which is attached with the hand wheel. The wpinnchlie caifi b fritivmil iepratmie G A
Of h&‘}nd \\'heel as IM UP[K‘I p()l'ﬂnn ul-- "“. g'i“""r 18 &4 “.-,-t;:g-f' {ii & Hitt oy pﬁa‘ﬁ‘f

¥ / 3

Steam in

Fusible \ ! ’/

metal

- — —

Mhr LT 7
pivans i

e —— e —— e = —

Waoter in
Fig. 10.5. Fusible plug. Fig. 10.6. Feed check walwe

Crown iplote

At normal working condition, the non-return valve is lifted due to the pressurs of water Fom &e i3 o2
and the water is fed to boiler. But when the pump pressure falls below boiler pressure or & e sump wors.
non-return valve is closed automatically due to the pressure of the water from the bosler and crevwemms e

escape of water from the boiler.

10.8. BLOW-OFF COCK

The blow-off cock is used for dual functions :

1. To empty the boiler when neccessary for cleaning, repair and inspection.

2. To discharge the mud and sediments carried
with the feed water and accumulated at the bottom of
the boiler. Spindle

By periodic blow-off, the salt concentration in
the boiler is also reduced. Even with a small amount
of dissolved salt, over a period of time, due to the
evaporation of water, the salt accumulates in the boiler,
raising the salt concentration.

It is fitted to the lowest part of the boiler either
directly with the boiler shell or to a pipe connected with
the boiler.

A commonly used type of blow-off cock ig
shown in Fig. 10.7. It consists of a conical plug fitted
dccurstely into a similar casing. The plug has
- fectangular opening which may be brought with the line
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- fahand wheel. Due to the rota
- 9pen the passage fully or partially
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of the passage of the casin 10.5

; : . £ by rota
The dischargmmg of water "-myy‘:;nuimg the Plug. Ty
The blow-off cock shaylg h‘\m““l”?d h ¥ causes the water to be discharged from the boiler.

: Y Totatin :
This is because, the sedimenty gre ‘;”""“M only wlwkn ‘:**- ‘:ug o
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10.9. STEAM STOP vALvg wler is on if the sediments are to be removed

Oreed
It is the largest valve o
, * ON the glen |
M boiler ang usually fitted to the highest part of the boiler shell. The

junction of the stop valve iy to y
_. ¥ . Bulate the
and shut oft the steam flow whe Nlow of e . " .
: I YT R — am from the boiler to the engine as per requirement

Yuired,

A commonly used ste
Sed steam stop v |
i 0 e 2t ‘It:h»n:‘yc I8 shown in Fig. 10.8. The main body is made of cast steel The
. . whie . = . : : ; ‘
The spindle 1s passed through a glangd :Lh the valve spindie works, are made n);‘ brass for smooth working.
© prevent the leakuge of steam. The spindle is rotated by means

Oul )
Quickly due to the high steam pressure in the boiler.

Hand wheel)

D

Fig. 10.8. Steam stop valve.
nd-wheel, the valve may m

ove up or down and it may close or
In locomotive boiler the flow of steam is controlled
ed inside the boiler shell and operated

tion of ha
for the flow of th

: : i jous €
¥means of a regulator (as dascu'ssefl in previou
Y @ handle from the driver’s cabin.

e steam. )
hapter) which 18 plac
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increase the overall efficiency of the plant. Water

s uired 10 . : ‘
Boiler accessories are auxiliary Pa:;iﬁ,s and superheaters are some of the essential accessories of
on

o« Sing equipments, air-preheaters:
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10.6
10.11. ECONOMISER eheat the water before it
= ases to pr
he chimney & advantages:

The economiser usefully extracts the waste heat of t following
is fed into the boiler. Preheating of the boiler feed water has the Tollt
(1) There is a saving of fuel as waste heat from

the flue gases is used for heating the feed water.
GEARS oo

(2) Dissoived gases as air and CO, are removed
by preheating the feed water, reducing corrosion and GEARS
pitting. 1 i
(3) There will be less temperature strain in the WATER o X SAFETY
boiler plates as the feed water enters the boiler at a ad £ ) ‘ ot
higher temperature. i PIPE o R
(4) Circulation of the water is very well L i — HG%ES
maintained as quick evaporation is possible because of HOT ’ % - ouT
hot feed water. ,CLASE - & v
(5) This unit improves the overall efficiency of 3
the boiler by reducing the fuel xonsumption. . :
A Green's economiser commonly used in - - o - KATEH
Lancashire boiler is shown in Fig. 109 (a) The QSN AR m

7,

economiser consists of vertical cast iron pipes which
are fitted with two headers, one at the bottom and other

at the top. The feed water is passed through the
bottom header, economiser pipes and top header and on to the boiler. The hot gases pass over the external

surface of the water tubes. The heat from the hot gases is given to the feed water through the tube surface.
A safety valve is fitted on the top header for the safety of pipes against any highest pressure of water that
may be developed. A blow-off valve (not shown in the figure) is also fitted at the lowest point of the economiser

to discharge the sediments collected from the feed water.
To prevent the deposition of soot from the flue

gases over the economiser tubes, a set of scrapers is
fitted over the pipes as shown in the figure. This is
necessary as the deposition of soot reduces drastically xor \
the heat flow rate from the gases to the water. The soot gAu?ES -
is removed by moving the scrapers over the pipes up
and down continuously with the help of chain and gear
arrangement. The soot removed from the pipes is
collected in soot chamber situated below the bottom
header and removed periodically.

The temperature of the feed water should not be
less than 35°C because there is a danger of corrosion

Fig. 10.9. (a) Green Economiser.

of the cold pipe outer surfaces due to the condensation By
is ‘ontained in the flue gases. Wor
of moisture and SO, contained _ g1 s ol i
By-pass arrangement for the furnace gases must s GASE
always be provided so that the economiser may be put Fig. 109, (5
= (®) Bypass amangement.

out of action when necessary (for repair or inspection). Fig.10.9 () shows

Lancashire boiler. '
(a) When hot gases are used for heating the feed water, the dampers 4 anq g ;
are kept open and damper

su
ch an arrangement used with

C is closed.
(/) When hot gases are to
and damper C is kent open.

be bypassed for economiser inspectiq
n, the dam
PErs A and B are closed
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10.12. AIR PREHEATER
Air preheater, i

t0 the combustion ¢ like economiser, recov -y

tion chamber i . ers some portion of the waste heat of the f1 ses. Ai i

after the economiser and T 1s preheated by using the heat in the waste flue gases. Airu:rfﬁzzieg l;rseugf’;éig

before the gases ent i
: er the ch
The preheating of air offers the followi s
(1) Waste heat from the fl Dwing Mdvatages ;
u i 3 3
abom(l2 )5;;; for each 100°C dmpeiﬁa;:: lli ;:3;;\;::: for heating air and reduces the fuel consumption by
nferior grad ;
(3) Com::tion c: (li coal can be burnt efficiently with preheated air.
m i - _ )
the evaporation rate of the bo(;ll:r.t’-fﬁcmnt and an intense flame can be achieved in the furnace. This increases
Air-preheat ;
hot flue gg’ses paz:s d;:::utg)ﬁ i;l:si:gz‘: :s;ub.ulgr ';Ypeédplal;type and generative type. In tubular type, the
nd air 1s forced to ¥
gfn[l;,mbt;r of parallel plates. Air flows through the alternate spc:cwe: NERE mied. e gk e Somss. ot
i ree plates and flue gas passes through the remaining passages.
fhoe generative type, a wire mesh rotor is alternately heated by the
gases and then cooled by the air and as a result the air is heated.

A tubular type commonly used in sm i '
showr} in- Fig. 10.10. The h2. q):,'ms are pass:zlli;lrt:)?:;;r til)‘Lart!ltle;
and air circulates around them. Air is forced to deflect by using
baffles as shown in the figure and compelled to move in a zigzag
path for a number of times. This increases the period of contact
between the air and hot surface and air is effectively heated. The
soot and other material carried with gases are collected in the hopper
at the bottom and removed periodically through the soot gate.

10.13. SUPERHEATER

Superheaters are used in boilers to increase the temperature
of the steam above its saturation temperature. This is done by
passing the steam through a small set of tubes and hot gases over
them. Superheated steam is absolutely essential for power
generation.

The advantages of superheated steam are listed below :

(1) It reduces the specific steam consumption of engines and turbines.

(2) It reduces the condensation losses in the pipes and engine cylinder.

(3) It eliminates the erosion of the turbine blades in the last stages.

(4) The efficiency of the steam plant is higher with the use of supgrheated steanu. :

The superheaters used in locomotive boilers and Babcox and Wilcox boilers have a_lmady been descnbed

The superheater commonly used in Lancashire boiler is shown in Fig. 10.11. This superheater consists
of two headers and a set of superheater tubes made of high quality ste.el in the form of Ig-tubc. Superheater
s Jocated in the path of fumace gases where the temperature of the gases is not less than 550°C. The superheater

i ' the gases enter the bottom flue.
is located just before the g R 2

f hot gases passed over the superheater tubes should be in p amot
R . 4 therwise, the tubes would be overheated. To avoid this, the

team passing through the tubes. O ; . .

;:lnpsm i(t:? lfo‘: gas?:s aregdivcrtcd as shown in the figure. The superheater is put out of action by frtom'mtttxlg

; the vertical position. In this position of the damper, the gases coming out from the
o B mpwses & 23 assing over the superheater tubes.

' : i into the bottom flue without p
contral flac pes” . shown in the figure. For getting superheated

nent for getting superheated or wet steam is . -
team 13:; igﬁfne%sc:‘ an . d valve C is closed. And the damper 15 kept open as per the quantity
steam,

thmdl e opcneg anthi ition, the flow direction of the steam is shown in the figure
i h the pipe. For s position, the ilow r . gure.
ﬁﬁg ”wén: 32::.:”;; gmquirjj, zhenptg: valves A, B and gas damper .are kept closed, and valve C is kept open.
ii z;i : ase, the steam directly comes out from the boiler through the valve C. By

n 5 Ay

10.7

Fig. 10.10. Air preheater.

adjusting the gas damper,




