4.7 » STEAM GENERATORS/Boj gRs

The steam generator is a combination of apparatus, which is usced in power generation and
supply of steam in various plants. Its main purposc is to transfer the heat produced by fuel
to water; water is converted into different types of steam as per requirements, such as wet i
steam, saturated steam, and superheated steam. A stcam generator is also known as a boiler, |
It may be defined as “A combination of apparatus for producing, furnishing or recovering heat
together with apparatus for transferring the heat so made available to water, which would be heated
and vaporized to steam form” (ASME).

4.7.1 Classification of Boilers

There is a number of models of a boiler having different industrial applications. The boiler

can be classified on the following basis:

| R P A A T oL e TPy T I N U T P e S

(i) Contents inside the tube
(i) Firing system
(iii) Position of drum

(iv) Pressure

(v) Nature of water circulation

On the basis of contents of the tube, boilers can be classified as Fire tube boilers and water -
tube boilers. In fire tube boilers, flue gas passes through the tube and the heat of flue g8

is absorbed by tube and transferred to water surrounding the tube, for example, Cochra? f
boiler, Locomotive boiler, Lancashire boiler, and Cornish boiler. But, in water tube boilerv&r_f
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water flows inside the tube and tube is kept in the path of flow of flue gas, for example.
pabcock and Wilcox Boiler, Benson boiler, Loffler boiler, etc. Most of the high-pressure boil-
ers are water tube boiler. In this boiler, tube absorbs the heat of flue gas flowing surrounding
the tube and transferred to water passing through the tube. The difference between water
wbe and fire tube boilers are given in Table 4.1,

Table 4.1: Differences between water tube boilers and fire tube boilers

Water Tube Boilers Fire Tube Boilers
1. Water flows inside the tube. 1. Flue gas flows inside the tube.
2. It is safer than fire tube boilers because a large 2. It is more dangerous compared to water tube
part of the water of hottest part of the furnace is boiler.
in small tubes which if rupture, only a compara- 3. It is less efficient and economical.
tively small volume of water released into a flash 4. Pressure limit is very low. It is approx 16-20 bar.
of steam. 5. Fire tube boilers are most suitable for small size
3. Itis more efficient and economical. boiler.
Pressure limit in water tube boilers is much higher 6. The steam Production rate is low.
than the fire tube boilers. 7 There is no need of water treatment plant.
5. Water tube boilers are most suitable for large size
boiler.

6. In this boiler, the steam production rate is very high.
7. The water treatment plant is required due to the
problem of scaling inside the tube.

On the basis of firing system, boilers can be classified as Internal Fired Boilers and External
Fired Boilers. In internal fired boiler, firing takes place inside the boiler drum, i.e., furnace is
located inside the drum, for example, Cochran boiler, Locomotive boiler, Lancashire boiler,
etc. whereas in external fired boiler, furnace is outside the boiler drum and water is circu-
lated inside the tube passing through the furnace, for example, Babcock and Wilcox Boiler.
On the basis of the position of the drum, boilers can be classified as a horizontal boiler,
inclined boiler, and vertical boiler. On the basis of pressure, the boiler can be classified as a
low-pressure boiler, high-pressure boiler, and super critical boiler. Low-pressure boilers oper-
ate below 80 bar; high-pressure boilers operate above 80 bar; and supercritical boilers operate
at 221 bar and above. On the basis of the nature of the circulation of water, boilers can be clas-
sified as natural circulation boilers and forced circulation boiler. In natural circulation boilers,
water circulates automatically due to the pressure difference created by the temperature differ-
ence. But, in forced circulated boilers, pumps are used to circulate the water through the tubes.

4.7.2 Requirements of a Good Boiler

A good boiler should have the following properties:

1. Low cost of installation, operation, and maintenance
2. Easy maintenance
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). High elficiency

4. Safety

. High transportability

0. High steam production rate

7. Good quality of steam

8. Quick steam generation capacity

O

Mecting fluctuating demand of steam, etc.

4.7.3 Cochran Boiler

It is fire tube, multitubular, internal fired and vertical boiler. Its maximum steam generation
capacity is 3,500 kg/h. Its shell diameter and height are 2.75 meters and 5.8 meters, respec-
tively. The fuel (coal) is fired on the grate in the furnace. The hot flue gas passes through the
fire tube located in the water space and heat is transferred to the water. Water becomes hot in
contact with the tube surface. Flue gas goes to the smoke box and finally in the atmosphere
through the chimney. The circulation of water is natural; hot water rises up and cold water
comes down as shown in Figure 4.10. The steam formed is collected at the upper space of
the dome-shaped shell and supplied for use through a steam stop valve.

12 .

Components:

. Hemispherical shell

. Flue pipe

. Combustion chamber

. Smoke box

Chimney

Grate

Ash pit

Fire door

Furnace

Feed check valve 10
. Pressure gauge

. Water gage

Safety valve 15
Steam stop valve
Blow-off cock
Fusible plug
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FIGURE 4.10

Cochran Boiler
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4.7.4 Babcock and Wilcox Boiler

Babcock and Wilcox boiler is a water tube, horizontal, mulFitubular, external fired boiler.
It covers a wide range of pressures compared to fire tube boilers. It has a steam generating
capacity of 20,000 to 40,000 kg/h. It operates at ag average 20-22 bar, but it can be oper-
ated at the maximum 40-42 bar. Its tubes are inclined at 5° to 15° for natural circulation.
The diameter and length of tubes are designed as per requirement of the pressure of steam.
Baffles are arranged normally for two or three passes of combustion gas. All mounting and
accessories are shown in Figure 4.11, which is explained later in this chapter. There is a
natural circulation of water. Water circulates from drum to tube and tube to drum with the
help of downtake and uptake headers. To get superheated steam, the steam collected in the

Components:

1. Drum 5
2. Pressure gauge
3. Water level indicator
4. Safety valve

5. Feed check valve
6

7

8

. Man hole
. Header
. Down comers
9. Steam stop valve
10. Anti-priming pipe
11. Super heater
12. Baffles
13. Water tube
14. Fire grate

15. Fire door A

16. Ash pit 15— [ — | -

17. Clean out door \\\\m I

18. Blow-off cock 14 l

19. Chimney 16 I : -
20. DamPer M

rrrrrrrr 7777777777772 77 7777777727227 7272727

FIGURE 4.11
Babcock and Wilcox Boiler
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4.7.5 Locomotive Boiler

The locomotive boiler is fire tube, horizont: _
nificial draught, internal fired boiler. Tt ;12:[[:1‘}11jn11[1[tlbuLlr‘ natural circulation, moval
height is very short. Artificial draught 1s Crm[f the fluctuating demand of steam; ”; | able,
steam engine. The functions of all the mouL 'ed by supplying steam. It is gcncr';ll ‘flnncy
rate section of this chapter. The locomouv I;)[m‘g’s 'f‘“d accessories are diccuwui u) L;““‘] .
is kept very small. A forced draught 1s ¢ € otler is a movable boiler; th‘e;-ehﬁ‘n-. | ]‘[ ‘k‘ Sepa-
through the tube as directed in I;l&:ure :r‘lited using the flow of stea‘m The HLL;:L\»'L ?“”Hwy
2 and transfer the heat to the water [ht’(l):l::)hh:;z

tube walls.
9
16
<
18 8 21
17
Components:
1 F”t‘ h(.
'Y -
2 Grate 7. Barrel (shelD) 13 Lever 19 Saf
i Fire hole 8 imol\e box 14 Super heater tubes 20, W;lls):l\alve
4 Fure bridge arch 9. Chimney 15 Super heater header 21. Wat ¢
5. Ash pi ¢ 10. Exhaust steam pipe 16. Outlet pipe °f Bauge
6 Fire tube« 11 Steam dome 17 Smoke box door
' 12 Regulator 18, Feed check valve
FIGURE 4.12
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4.7.6 Lancashire Boiler

\ Lancashire boiler is horizontal, fire tube, internal fired, natural civculanon 1 be ol
/ < ¢ J " USIRY ‘\."l

e two fire tubes. The fuel is burnt on the grate and the hot flue £ 15 prodiced 1|
{ ' L e g

gas Moves along the furnace tubes and is deflected up by Fire Bridge As son 4 the {110
}-\‘;\L‘ht‘-“ the back of main flue gas tubes, it deflects downwards and travels through the i.lv,n.
fluc gas tube as shown by arrows in Figure 4.13. The bottom flue is Just h('ltl;w the w ll”r
shell and heats the lower portion of the shell. After traveling from back 10 front. the ilu.-( ,-v,
bifurcates into separate paths in the side flues as shown by arrows in sectional side view .,
it travels from front to back inside and heats the side of the water shell. These two streams of
flue gas meet again in the main flue passing; through the damper, they are discharged to the
amosphere through the chimney.
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(a) Top view i N N N B e
(b) Front view
Components:
1. Feed check valve ~ Damperls
Pressure gauge . h[;lan .
. Water level Indicator | A:}c\’rsix
- Dead weight safety valve . :

. Blow-off cock

. Blow-off pit
(for disposal of
blow-off water)
. Gusset stays

_ Perforated
feed pipe

. Anti-priming

Steam stop valve
Man hole
High steam low water
safety valve
8. Fire grate
9. Fire bridge
10. Flue tubes

~ oW

3 B};oiler shell device

13' S%llom flue _ Fusible plug
- Side flye 19& (c) Side view

FIGURE 4.13
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4.8 » Boer MOUNTINGS
| y - nted on the hndj\ of th,
Boiler mountings are the components of boilers, which are mf;;l o o ‘
. ] ‘Ai‘. 1C C (s & ) \;"‘,
boiler for safety and controlling the steam generation processes.

nents which are used as mountings in boiler operation: B
4. Fusible Plug, 5. Steam s,

1. Safety valve, 2. Water level indicator, 3. Pressure g;mgal‘. Lo
valve, 6. Feed check valve. 7. Blow-off cock, 8. Man and Mudhole.

4.8.1 Safety Valves

The safety valve is used to release the excess pressure inside the boiler drum. \\«'hgn the pressure
inside the drum exceeds the working pressure, safety valves blow-off the steam into the atmo-
sphere. Generally, four types of safety valves are used in boilers: (i) Dead weight safety valve,
(ii) Spring loaded safety valve, (iii) Lever safety valve, and (iv) High steam low water safety valve.

/ Dead Weight Safety Valve

Steam pressure acting in an upward direction is counterbalanced by the dead weight of
safety valve acting in the downward direction. When the steam pressure exceeds the dead
weight of safety valve, valve rises from its valve seat and steam escapes into the atmosphere.
The construction of dead weight safety valve is shown in Figure 4.14. There is a vertical
steam pipe having a valve seat at its mouth. A valve is fitted in the valve seat. Above the
valve, a dead weight is applied. When the steam pressure becomes higher than the dead
weight, valve rises from the valve seat and steam at high pressure is released into the atmo-
sphere. Again, when the steam pressure becomes normal, i.e., less than dead weight, the
valve returns to the valve seat.

Spring Loaded Safety Valye

Lever Safety Valye

I ure ‘1() 1 V / 1 { W ] (‘[l n [ mo ltn
N u OV
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Dead Weight Safety Valve
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FIGURE 4.15 FIGURE 4.16

Spring Loaded Safety Valve

Lever Safety Valve
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4.8.3 Water Level Indicator

The function of the water level indicator is to show the water level inside the hoil

Total two water level indicators are provided on the boiler drum. The consmjcuz;(; ccil rur};.
are shown in Figure 4.18. One end of the glass tubes is connected to steam space anflt?;l:
other end to the water space through a hollow pipe of Gunmetal bolted to the boiler In
case, tube breaks, two balls are provided that move to the dotted positions due to the fush
of water in the passage. The steam will also rush from the upward hollow column and will

push the balls in dotted positions.

End plate
hi ey of boiler drum
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FIGURE 4.18

Water Level Indicator
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4.8.4 Pressure Gauge |
preasure mside the botler dromme Fheconsimnhong
15 o tube spring, one cnd ol which s connected g
[he inkeis connecteg ‘

Pressure Gauge is used to measure the

details are shown in Figure 419 There

the steam space and the other end 15 losed and connected 1o a limk el
' M ’ ‘H l.

to toothed quadrant meshed with the pinion- At the center ol the pimion, a pormnter 1s lixed

milies the reads
v , - pinion. .

ing. Due to steam pressure, spring tube tends to become straight and moves the ; ion,
o . R , rraduation. -
which rotates the quadrant and pinion. The deflection in the pomnter is hown on gt 10n -

on the disc, which shows the pressure of steam in the drum.

which can rotate with pinion. The quadrant rotares about the pivot and may

4.8.5 Feed Check Valve

The function of feed check valve is to allow the flow of water under pressure from the feed
pump to the boiler and to prevent the back flow of water in case of failure of the feed pump.
The constructional details are shown in Figure 4.20. The valve rises under pressure and =
water is allowed to flow inside the drum. The pressure of feed pump is more than that of |
steam inside the drum which allows the flow of water into the drum, but when supply is
stopped, the valve returns to its seat due (o steam pressure and prevents backflow of water.
This is a one-way valve.

<
Hand wheel|

{
To boiler
Feed valve
P!uge \ VeV:;er from
(For cleaning purpose) Pump
FIGURE 4.19 FIGURE 4.20
Pressure Gauge Feed Check Valve
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4.8.6 Steam Stop Valve

rom the hotler to
ll'l)“('(| l)f" |

‘.\u)\,\ll

The funcu " ste
1¢ un‘gtmn M steam stop valve 15 1o stop or allow the flow of steam |
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pipe to supply The opening, of tl |
hand wheel 58 ! simple which 15

- N ”l( constructional dC[;lilS of steam S“‘P valve are very
in Figure 4.21.

Hand wheel
- am® /-
Yoke
N N
’,-Pillar
), Flange
. Steal
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]
J 1
A8 ¢
Lugs I
Flange g Steam
FIGURE 4.21

Steam Stop Valve

4.8.7 Blow-off Cock

The function of the blow-off cock is to blow down the sedimen

. ts coll
of the drum or to empty the boiler or to lower down the ccted at the bottom
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FIGURE 4.22

Blow-off Cock

4.8.8 Fusible Plug

The function of the fusible plug is to
extinguish the fire in the fire box when
the water level in the boiler comes
down the limit. It prevents from blast
ing the boiler, melting the tube and
overheating the firebox crown plate.
The constructional details of the fus-
ible plug are shown in Figure 4.23,
It is located in the water space of the
boiler. The fusible metal is protected
from direct contact with wager by
Gunmetal and Copper plug. When
water level comes down. the fusible
metal melts due to high heat and
copper plug drops down and holds
In gun metal ribs. Steam comes in
contact with fire and distinguishes it

Thus, it prevents from damages.

Solid copper plug

Fusible |
metal
Gun metal s , fiange

Fire box Crown plate !

FIGURE 4,
FIGURE 4.20

Fusible Plye
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4.8.9 Manhole

This is opening in the boiler. It is used for cleaning and inspection purpose. Through this

hole, the operator enters the boiler in idle condition.

4.9 » BOILER ACCESSORIES

The devices used in a boiler to increase its efficiency and quality of steam are known as
accessories. The names of some important accessories are mentioned below:

Economizer,
Air preheater,
Super heater,
Steam trap,

Steam separator,
Injector.

A A

4,9.1 Economizer

Economizer is a type of heat exchanger which exchanges some parts of the waste heat of
flue gas to the feed water. It is installed between the exit of the furnace and entry into the
chimney. Generally, the economizer is placed after feed pump to avoid the problem of
priming in feed pump. If the economizer is installed before feed pump, some amount of
water may be transformed into vapor, which can create a priming problem in feed pump.
In this case, limit of temperature rise of water is fixed so that water cannot be transformed
into steam. The constructional details of economizer are shown in Figure 4.24. It consists
of vertical cast iron tubes attached with scrapers. The function of the scraper is to remove
the soot deposited on the tube. Water flows through the tube to the boiler drum. These
tubes are arranged in the path of the waste flue gas entering into the chimney. The flow of
water is controlled by two valves attached to down header and up the header of the tubes.

The waste heat of the flue gas is transferred to the tube material and then tube material
to water,

Advantages

M) Tt increases the power output of the plant. For a 6°C increase in temperature of water
efficiency of boiler increases by 1%.

(ii)

) It increases the evaporation capacity.
1ij)

It increages the life of boilers due to less thermal stress.
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FIGURE 4.24

Economizer

4.9.2 Air Preheater
Air preheater is a device for recovery of waste heat from flue gas and is placed in the path "
of the waste flue gas going to the chimney. Waste heat if the flue gas is transferred to the air |
before its use to support economical combustion in 2 furnace. It is placed in the chimney
and above economizer. If fuels used in the furnace are oil, gasses, or pulverizeq coal, the hot
air supply is possible. But, in the case of stoker firing, the maximum temperatyye of the air
is limited due to overheating of stoker parts. The constructional details of ap air preheater .

are shown in Figure 4.25.

Advantages

(1) Due to high furnace temperature, water evaporation rate increase.

(i) Boiler efficiency increases by 2 to 10%.
(iii) Low-grade fuel can be used.
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Properties of Steam and Steam Generators

Disadvantages

Capital cost increases due to use of pre-
heater and two fans (induced fan and forced
draught fan) to create an artificial draught.

4.9.3 Superheater

Steam generated in the boiler is wet due
to contact with water. To get superheated
steam, a device known as superheater is used
in the boilers. The function of superheater
is to superheat the steam up to the desired
level. It is a surface heat exchanger, located
in the path of the flue gas. The wet steam
flows inside the tube and hot flue gas passed
over the tubes. Constructional details of a
superheater are shown in Figure 4.26.

Advantages

(i) Superheater increases the efficiency of
prime movers due to the supply of steam
at high-temperature and pressure.

(i) It minimizes the condensation loss in a
prime mover.

(i) It eliminates the problems of erosion
and corrosion in turbine blades.

(iv) It increases the capacity of the plant.

(v) It reduces the friction of the steam in a
steam engine and other steam parts.

4.9.4 Feed Pump

The function of feed pump is to feed the

Water to the boiler. Different types of feed

Pumps used in boilers are reciprocating, cen-

ifugal, and injector. Centrifugal or rotary

a‘;:fj are gsed where a large amount of

cating S required. .Ff)r small boilers, recipro-
Pump and injectors are used.

127
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FIGURE 4.25
Air Preheater

FIGURE 4.26

Superheater
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4.9.5 Injector

The njector is a fe
feed water
mostly used in vertical
IS not suitable for |
of a group of nesz

10 amass of water
mnjector are shown in Figure 4.27.

Advantages

() It requires minimum space.
(i) Maintenance cost is low.
(ii}) The initial cost of installation is low
(iv) It is thermally more efficient than feed pump.

4.9.6 Steam Trap

The function of a steam trap is to drain the water
condensed due to partial condensation and jacket
without allowing the steam to escape through it.

4.9.7 Steam Separator

The function of a steam Separator is to separate the
suspended water particles carried by steam on its
way from the boiler to the engine of the turbine.
It is installed in the mainstream pipe VEry near to

the engine. The constructional details are shown in
Figure 4.28.

The steam from the boile
rator through a flange and
Passage down, it strikes th

I enters the steam sepa-
moves down, During jts
e baffles and is deflected
riking the baffles cayses

ed Pump which is ysed to deliver
into the boiler under pressure. It s
and locomotive hoilers. It
arge power PlilmS. [t consists
zzles so arrange that the steam
expanding in these nozzles imparts kinetic energy

The constructional details of the

""ﬂ”("(‘.

Nozzle —

/ '“"/l’” 222 7R
s 1

g

Mixing
tube

Valve

Over
flow

Delivery to boiler

FIGURE 4.27

Steam Injector

FIOURE 4.28

Steam SP“QYnG -
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« DYawbacks '
(1) Satwrated Vapoun which Is
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to high 'veldf:ii:g.' L DL e N
(2) £¢ .

is dippicutt to design a dondeﬂse.r wruch Suddenl\(l._sl-opﬂ 'a‘J".P'o‘m

(3 D¢ is cippicedst 4o design a compressor which “hondles both

\-‘qfu.a'd and vapoun. oo | . o |

("'? As casnot Va.péwt. pouber cycle vsages Compressor, the compre-
SSor work is .la:nse' and hence Net work 1S less: [ net =WT‘W¢:_]
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1-2 - Reversible adjabatic Expansion ( Turbine)
2-3 - constant pressune heas Qe:‘ecﬁo'\ C condensen)
3-Y4— Rev. adiabatic compression ( Pomp)

Y- 1= c"onslran} Pressune heat addiHon (beller)

: 35:5 OF the ~the cycle:—
Assumphans '

‘reated
(1) Each device is Ertted a stequ Flow device.

2) k. £ p. -E- chanaes are Neglected.

)
Turbine (1-2) [ Reversible adiabatic]

'h,+)9!+z)é'+{= hy + ;é("' 43*“’

h. = h3+ W
=h'—hz

W'rurbine

Condenser (2-3) '
(No work)
. h+2.1+2/§+ 9= h& z{ 743'”6

> hy+q= hg  (hear rejected)

1'?

-9 = hfhs. hy-hy = Cp(T2-Ta) |
. .= h -"!3- Only For 9as/air.
> ﬁrquwn = _J > but. here we Usf d rer
| So w ' '
Pump (3,,_,1 ' P: ::::}::mte it
ﬁl+%+ﬂ/ "'q'i';[-n-'zg-g-w A
{ W= hs—hq _ e , .

. B =Wz hy- hg > WP'UMP.';' hy- b
| L -ve: feP‘r&serd' work done on the System.

o

Qranna A haer f‘amcngnnpr
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Nealecmd and when the PTOCESS 1S IevEiDiIers . .
SFEE Con be appled Por Yev. as wel as irreversible proces:
iF the pvmpina process ‘s revevsible then work obtained Fer

 SFEE and w= -vdp can be equated.
ha—hq = —VdP

‘hLl" ha = vdp

P We know that Wp = hy-hg , IF the puvmp work is Very smal thenit
Can be neglected therepore ‘
hy = hg When Pump work s Negligible.

Boiler:— [u-1)
| _hu*%{-!-z?-f-q,: h,-}-?.'..z/é-}-yé [Nawarn_]
h"' +Q - h' ’

q.= hl—hq . ; q’S = h,-hq

r,: M ‘ ‘ WT = h'_ hz
Qg
| Q«R = h, —hg
- ( hus— h2) "(.‘hu"bg) ,
) ’ | Wp= hy-h
| (hy —hy) q 4="3
When pump work IS N%["sl'ble S = hn-h.,
hy= hs |
q_—.- ‘hl"hﬂ = f] = ._'L-_}.B.
| hi- h3

‘:.',‘- _‘; S h|"h(’
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ling steam should b
sure after thro.

. emperatur

recorded by the th nre Cc_’rrespondmg to this pressure can be found. If the temp e

is superheated a4f €Imometer is more thgp saturation temperature, it is confirmed that steam

e . (2 b

Space betye. after throttling. Steam flows from the top of the inner cylinder to the annular
n in .

ings. Before takinner and outer cylinders. The calorimeter is insulated from the surround-

' a . .

and all parts 1o 1 egh teméaerature reading, the flow of the steam should be in the steady state

eat : ‘

of calori €dl to keep temperature remains constant. The constructional details

calorimeter are shown in Figure 4.7

Let P, = Initial pressure of steam
P, = Final pressure = Atmospheric pressure + manometer reading
hﬂ = Enthalpy of water at pressure, P,
h 1 = Enthalpy of vaporization at pressure, P,
C,, = Specific heat of superheated steam
ts, = Saturation temperature at final pressure, P,
t.., = lemperature recorded by thermometer

sup
x; = Dryness fraction of steam before throttling

During throttling, enthalpy remains constant, i.e., enthalpy before throttling = enthalpy after

throttling.
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Properties of Steam and Steam Generators 109

Thermometer in pocket
(™ filled with cylinder oil
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Gauge pressure
after throttling

Sampling ¥
tube {
High _ S
pressure Throttling FE H
steam valve FE
=3=
| = f;;i
nner _—1J
cylinder | a!) s
Exhaust
FIGURE 4.7

Throttling Calorimeter

Therefore, h}'l + xlhfg = hgz + Cp (tsup - tSZ)

hea + Cy (tup = t52) =
or, X, =
hls

<4+— Manometer

n - where Cp =0.48

Limitation of the process is that the steam should be superheated after Lhroulmg
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