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Boiler Classifications

Boiler Classifications

Classification of boilers

[ I [ I |
Use Tube contents Furnace position Circulation Type of fuel used
1. Stationary 1. Fire tube: 1. Externally fired: 1. Natural (Example): 1. Solid fuel fired
2. Mobile * Cornish, ol hir oll hire, 2. Liquid fuel fired
« Lancashire » Locomotive + Babcock Wilcox .
boiler 3. Gas fuel fired
2. Water tube: 2. Forced:
« Babcock Wilcox | 2. Internally fired: « Lamont,
+ Cohren, * Velox,
+ Babcock Wilcox + Benson
Orientation axis of Extend of firing

the shell

1. Fired boiler

1. Vertical boiler
2. Horizontal boiler
3. Inclined boiler

2. Unfired boiler

3. Supplementary
fired
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Boiler Classifications Boiler Classifications
Water Tube & Fire Tube Boilers Fire Tube Boiler
Hot Gasses Out Steam Out Hot Gasses Out

1 IE—TITI

@ Water Tube Boiler: water is inside the tubes and hot gases surround
the tubes.

@ Fire Tube Boiler: hot gases are inside the tube and water surroun@
the tubes.
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Combustion

: % Gases

Water In j

Hot Gas Chamber
Burner

Natural Gas [

T1129

In fire tube boiler, the hot gases passes inside the tubes and boiler feed water @

(Heated Tubes Submerged in Water)

the shell side is converted into steam.
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Boiler Classifications

Fire Tube Boiler: Cochran Boiler

Hot flue gases ==
Water  mmmm t
Steam St
Steam Safety valve, valve, Stop !
Anti priming
2 [
Shell .
Pressure gauge |~ Chimney
Man hole — ;L&:&:
External shell { H
Water level indicator &
Fusible plug— -~ Smoke
j box
Combustion chamber- "~
!
of
R ’
Fire brick Imlng/' tx A Smoke box door
Vertical feed pipe: Fire tube
L < Fumace
Flue pipe -] a8 X v
Fire door

Feed check valve

Blow off cock
T1287
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Boiler Classifications

Water Tube Boiler

@ In a water tube boiler, water is heated
inside the tubes and the hot gases
surround the tubes.

Builer or
steam drum

o Larger heating surface can be achieved
by using more numbers of tubes.

@ Due to convectional flow, movement of
water is much faster than that of fire
tube boiler, hence rate of heat transfer
is high which results into higher
efficiency.

Downcomer

Very high pressure in order of 140 atm

can be obtained smoothly.
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Boiler Classifications

Water Tube Boiler: Babcock & Wilcox Boiler

water drum

Steam and  gatan valve

Flue gas - =
Water -
Steam -

Superheated steam

\Chlmney

T1289
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Boiler Classifications

Boiler Accessories

o Air-Preheater: air supplied to the boiler is heated using the hot flue
gases in the chimney.
» Some waste heat is recovered, so system efficiency improves.
» Better combustion and low-grade fuels can be burnt.
o Economiser: feed-water is heated using the hot flue gases.
» Recovers energy leaving with flue gases, so system efficiency improves.
» Hot feed water is supplied to the boiler drum, so thermal shock is
minimized.

@ Super-heater: steam is superheated to increase system efficiency.
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Boiler Classifications

HP Steam| g
< out [

Economizer Blower

< O

Air preheater

Superheater

Air

; IN

Burner

T1296

Typical steam and gas circuit showing the locations of some boiler accessorie@

Davited hinged
access doors

(tubes) \

Boiler Classifications

Fully trimmed with all safety
controls and piping

High temp.
refractory lined
rear door

CUs LV
VUULUVLAAR

‘N
CUCUVTUUAL
¥ ¢

CuvUviLAL

UL. listed

Fully automated
T1768 processor

Gas, oil or combination

Flame
sight port

AllA.S.M.E. code
piping to second
Extra heavy skids valve

and supports
forced draft burners

Packaged boiler
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Boiler Classifications Boiler Classifications
Once-Through Boilers
Once-through boiler Fire tube boiler Water tube boiler

Outline drawing

Design 98% 88 - 92%

efficiency

85-92%

Load following | Multiple Installation with MI The boiler has a large water The boiler has a large water content.

capability control enables the boilers to content. Because of its self- Because of its self-evaporation, it
follow the load. evaporation, it responses well to responses well to load changes and
load changes and has a good has a good stability.
stability.
Qualified None Required Required
person ( Boiler engineer ) (Boiler engineer)
(In Japan)
Operation Continuous monitoring is not Continuous monitoring is required, Continuous monitoring is required,
Monitoring required. by a qualified person in principle. by a qualified person in principle.
(In Japan)
Performance None Required Required
T14ko  check
(In Japan)
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Extract only
steam

Feed water

Combustion exhaust gas

I::> Exhaust gas outlet

xEconomizer

Heated Feed Water

T1732

Feed water coming into
the boiler evaporates by
combustion energy and
generated steam goes up.

Recover waste heat completely

Combustion exhaust gas )

Economizer
A device which utilizes residual heat
(heat loss of the bailer) to preheat the

feed water and recovers heat
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Boiler Classifications

Energy Saving Potentials of Boilers

Technique/method

Energy saving potential*

Energy Efficiency in Boiler

Heat Losses in Boiler

Heat loss from the furnace surface area
Unburned carbon loss

Incomplete combustion los

Loss due to hot ash

Loss due to moisture in air

PRSP

Operation and maintenance of boilers Up to 5% Loss due to moisture in fuel
Loss due to combustion generated moisture
Boiler and burner management systems, digital combustion Up to 5% . Dry exhaust gas losses
controls and oxygen trim
- -~ Heat gained by boiling water
Economisers Up t0 5% == « Loss due to moisture in air
* Loss due to moisture in fuel
« Loss due to combustion generated moisture
Blowdown heat recovery Up to 4% e[l:::gly Dry exhaust gas losses
Combustion air preheating Up to 2% N
Hot gas }»
Wiater treatment and boiler water conditioning Up to 2% B ' ] B Flue gas
Total dissolved solids (TDS) control and boiler blowdown Up to 2% l . E
+ Heat loss from Heat gained
furnace surface by
118 lFlue—gas shut-off dampers Up to 1% « Unburnt carbon Supe,hjale, 1
losses an H nedln
« Incomplete geheaey zz«l)igigiezery
combustion losses and
T1133 « Loss due to hot ash air preheater
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Energy Efficiency in Boiler Energy Efficiency in Boiler
Boiler Capacity & Performance Parameters
Boiler Efficiency: . . . . .
y Find out the efficiency of the boiler by direct method with the data below:
e water Ny — Ny pe of boiler: Coal fire
Heat absorbed by feed wate my (hg —h Type of boiler: Coal fired
Nboiler = 100 =100——=—— ]
Energy released by fuel ms GCV Quantity of steam (dry) generated: 8 TPH

Evaporation Ratio:

Quantity of steam generation  m,

Evaporation ratio =

Quantity of steam generated per hour (my,) in kg/hr.

Quantity of fuel used per hour (my¢) in kg/hr.
Gross calorific value of the fuel (GCV) in kcal/kg of fi
hg - Enthalpy of saturated steam in kcal/kg of steam

hy - Enthalpy of feed water in kcal/kg of water
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Steam pressure / temp: 10 kg/cm?(g)/ 180 °C
Quantity of coal consumed: 1.8 TPH
Feed water temperature: 85 °C

GCV of coal : 3200 kCal/kg

Enthalpy of saturated steam at 10 kg/cm? pressure: 665 kCal/kg(saturated)

Enthalpy of feed water: 85 kCal/kg
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Energy Efficiency in Boiler

Blow-down

@ Lower pre-treatment costs
o Less make-up water consumption

Reduced maintenance own time

Increased boiler life

@ Lower consumption of treatment chemicals
TDSfeed— water % (Tofeed — water)
TDSmax - TDSfeed—water

Blow down(%) =

TDSteed—water X (Steam — generation — rate)

Energy Efficiency in Boiler

Oil fired Boiler is generating 100 TPH of steam at 85% efficiency, operating 330
days in a year. Management has installed a water treatment plant at Bangladeshi
Taka (BDT) 1.16 Crore investment for reducing the TDS in boiler feed from 450
ppm to 150 ppm. The maximum permissible limit of TDS in the boiler is 3000
ppm and make up water is 10%. Temperature of blow down water is 175 °Cand
boiler feed water temperature is 45 °C. Calorific value of Fuel oil is 1200 kCal/kg.
Calculate the payback period if the cost of fuel is 23150 BDT / Ton.

Blow down rate = [0.4 yrs]
TDSmax - TDSfeed—Water
A 10 TPH boiler has feed-water TDS = 250 ppm, and estimate the blow-down
rate is maximum TDS is 2500 ppm.
[1111 kg/ht]
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