

















CHAPTER

Steam Generators

1.1 INTRODUCTION

A steam generator generates steam at the desired rate at the desired pressure and temperature by
burning fuel inits furnace. A steam generator is a complex integration of furnace, superheater, reheater, boiler or
evaporator, economiser and air preheater along with various auxiliaries such as pulverizers, burners, fans, stokers,
dust collectors and precipitators, ash handling equipment and chimney or stack. The boiler (or evaporator) is that
part of the steam generator where phase change (or boiling) occurs from liquid (water) to vapour (steam), at
constant pressure and temperature. However, the term “boiler” is traditionally used to mean the whole steam
generator.

The selection of type and size of a steam generator depends on the following factors:

1. The power required and working pressure.

2. The geographical position of power house.

3. Thefuel and water available.

4. The probable load factor.

1.2 BOILER

A boiler is a closed vessel in which steam is produced from water by combustion of fuel at a constant
pressure. According to ASME (American Society of Mechanical Engineers), a steam generator or a boiler is
defined as “a combination of apparatus for producing, furnishing or recovering heat together with the apparatus
for transferring the heat so made available to the fluid being heated and vapourised”. Boiler loads, or the
capacity of steam boilers, are often rated in Boiler Horse Power (BHP), Ibs of steam delivered per hour, or BTU.

1.2.1 Boiler Terms
e Shell: The shell of a boiler consists of one or more steel plates bent into a cylindrical form and
riveted or welded together. The shell ends are closed with the end plates.
e  Setting: The primary function of setting is to confine heat to boiler and form a passage for gases.
e Grate: It is the platform in the furnace upon which fuel is burnt and it is made of cast iron bars.

e Mountings: Mountings are the safety devices such as steam stop valve, safety valves, fusible
plug, blow-off cock, pressure gauges, water level indicator.

e  Accessories: Accessories are employed to increase the efficiency of the plant such as superheaters,
economisers, feed pumps etc. They are the integral parts of a boiler.

e Foaming: Formation of steam bubbles on the surface of boiler water due to high surface tension of
water.
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e Scale: A deposit of medium to extreme hardness occurring on water heating surface of a boiler.

e Blowing off: The removal of the mud and other impurities of water from the lowest part of the boiler
is called as ‘blowing off’".

e Lagging: Blocks of asbestos or magnesia insulation wrapped on outside of a boiler shell or steam
piping.

NOTE: It should be noted the a boiler horsepower is 13.1547 times a normal horsepower.

1.3 CLASSIFICATION OF BOILERS

131 Externally and Internally Fired Boilers

e |n case of externally fired boilers, the furnace is placed outside the boiler shell.
Example: Babcock and Wilcox boiler, Stirling boiler, etc.

e |ncase of internally fired boilers, the furnace is located inside the boiler shell.
Example: Cochran, Lancashire boiler, etc.

1.3.2 Forced Circulation and Natural Circulation

e |nforced circulation boiler, the circulation of water is done by a pump.
Example: Velox, Lamont, Benson boiler, etc.

e Innatural circulation boilers, the circulation of water takes place due to natural convection currents.
Example: Lancashire, Cornish, Locomotive, Babcock & Wilcox boiler, etc.

1.3.3 High Pressure and Low Pressure Boilers

e The boilers which produce steam at pressures of 80 bar and above are called high pressure
boilers.
Example: Babcock & Wilcox, Velox, Lamont, Benson boilers.

e  The boiler which produce steam at pressure below 80 bar are called low pressure boilers.
Example: Cochran, Cornish, Lancashire, Locomotive boilers, etc.

1.4 FIRE TUBE BOILER

Flue
In this type of boiler, the hot gases are passed gases Stack Steam
through the tubes and water surrounds the tubes. / Chimney T
] . . > _,_|_ / Water level
Example: Cochran, Lancashire, Cornish and y
Locomotive boilers. \
Advantages : A
Fire tube boilers have certain inherent advantages like : X — %
1. Low maintenance cost h >
2. Reliability in operation \ — ~ z
3. Need of only unskilled or semi-skilled labour Water
4. Lessdraughtrequired, and e
] —>  Flue gases —
5. Quick response to load changes, pressure changes. |
e Drawbacks: Definite size and steam Air —  Furnace bed _/
pressure limitations in its basic design. Figure: Fire-tube boiler
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d
Tensile stress: ¢ = ’z—t (1)

where, ¢ = Tensile stress (N/m?); p = Gauge pressure (N/m?); d = Internal diameter of the shell (m);
t = Thickness of wall (m)

e Fire tube boilers are not suitable for producing large quantities of steam at higher pressures. From
equation (1.1), it is clear that both higher pressures and larger sizes means larger wall thickness.
Thus, high pressures and large diameters lead to prohibitively thick shells and thicker the shell, the
higher the cost.

e Afire tube boiler is used in small power plants.

1.5 WATER TUBE BOILER

In this type of boiler, the water is inside the tubes and hot gases surrounds them. This boiler attains high
pressures, as well as high-steam capabilities can be achieved. This is because of condensed tangential pressure
on tubes which is known as hoop stress. The working principle of water tube boiler is thermal siphoning (circulation
of natural water).

Stack or Chimney, Flue gases

Safety valve

Boiler {Tm F

\

Flue gases

e Furnace bed

Figure: Water-tube boiler
Example: Babcock and Wilcox, Stirling, Yarrow boiler etc.

1.5.1 Straight-tube Boiler

The water-tube boiler went through several stages of development. The earliest design employed straight
tubes rolled into headers at each end, since straight tubes could be made, installed and replaced easily. The
tubes were of 75 to 100 mm outer diameter, inclined upward at about 15° to the horizontal and staggered. They
have less accessibility and poorer inspection capability. Inadequate design and imperfect fabrication of handhole
caps resulted in much leakage. Also circulation is sluggish due to low head in straight-tube boailer.

1.5.2 Bent-tube Boiler

In a bent-tube boiler, the tubes were so bent that they entered and left the drums radially. Bent-tube
boilers offers many advantages over the straight-tubes boilers, the notable among them being greater accessibility
for inspection, cleaning and maintenance, they can operate at higher steaming rates and deliver drier steam.
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