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PART-A (SHORT ANSWER TYPE QUESTION & ANSWER) 
 
Q.1 : What are the important requirement of a good boiler? 
 
Answer : Important requirement of a good boiler : Following are the important 
requirements of a good boiler : 
1. It should be capable to quick start up.  

2. Should meet large load fluctuation.  

3. Occupy less floor space.  

4. Should afford easy maintenance and inspection.  

5. Should essential process the capacity of producing maximum steam with minimum 
fuel consumption.  

6. Light and simple in construction.  

7. Tubes should be sufficiently strong to resist wear and corrosion.  
8. The velocity of water and that of flue gas should minimum.  
 
Q.2 : What are the causes of heavy black smoke in a boiler? 
 
Answer : Causes of heavy black smoke in a boiler : Following are the probable 
causes of heavy black smoke in a boiler : 

1. Incomplete combustion being into the furnace. 
2. Supply of air & fuel ratio is improper. 
3. CO level is very high. 
4. Excess air level is very low. 
5. Mal-functioning of Oxygen analyzer. 
6. Start up period of any boiler. 
7. Malfunctioning of dust collection system. 

 
Q.3 : Explain why deposit control in boilers is of paramount importance? 
 
Answer :  
Deposition and scale formation in steam generating systems results from the fact that 
the solubility of the deposit forming salts decreases with increasing temperature and 
concentration. Some of the more common constituents associated with deposition and 
scaling are:  
Calcium (Ca) Phosphate (PO4)  
Magnesium (Mg) Sulfate (SO4)  
Bicarbonate (HCO3) Silicate (SiO2)  
Carbonate (CO3) Iron (Fe)  
 
Without proper treatment of feed water and boiler water, deposits and scale may form by 
one or a combination of the following mechanisms:  
1. Precipitation of relatively insoluble feed water hardness compounds either in the pre- 
boiler and/or the boiler.  
2. Improper selection or inadequate control of chemical sludge conditioners and 
dispersants.  
3. Super-saturation and crystallization of relatively soluble dissolved solids at the heat 
transfer surfaces.  
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4. Increasing the concentration of suspended solids in the boiler water due to inadequate 
blowdown.  
5. Accumulation of iron and copper oxides from corrosion by-products entering the boiler 
from the pre-boiler system or transported with the return condensate.  
6. Oil or process contamination can adhere to boiler surfaces or increase adherence of 
boiler solids.  
 
Q.4 : What do you understand by optimum height of chimney? 
 
Answer  
 Drawl of hot gases is effected by creation of negative pressure inside the furnace by the 
density difference between the column of hot gases and the column of atmospheric air. 
The hot gases are lighter because of higher temperature, whereas the atmospheric air is 
heavier, and hence the movement of hot gases takes place upwards continuously. 
Atmospheric air enters the combustion zone, while the hot gases are sucked out and 
discharged through the chimney. Hotter the flue gas, lighter it becomes, but the 
atmospheric air almost remain constant, without any significant variation. Hence higher 
the temperature of the flue gas at entry to chimney better is the draught effect in the 
furnace. The height of the chimney also matters in creating the draft effect. If the 
chimney height is more, better draught will be induced due to high difference in weight of 
column of hot flue gas inside the chimney and the cold column of atmospheric air outside 
the chimney. When the created draft effect is high inside furnace, more combustion air 
will be induced into the furnace, assisting in improved combustion of fuel. 
Higher the chimney lowering the load on ID fan whereas pollution control board & Airport 
authority of India has been restrict the height of chimney as per the applicable rule of 
locality. Hence optimum height has to be defined as the entire condition of the particular 
plant location. 
 
Q.5 : Enumerate the methods of corrosion prevention. 
 
Answer : Corrosion prevention : You can use a deaerator which is defined as a piece 
of equipment which heats water with steam to ensure essentially complete removal of 
dissolved gases. There are several types of deaerator available, each having its own 
advantages and disadvantages.  
Internal treatment for dissolved oxygen corrosion is normally accomplished by the 
addition of sodium sulfite. Most oxygen scavengers contain a catalyst which speeds the 
reaction of the sulfite with the oxygen. In systems equipped with a deaerator the sulfite 
should be fed to the storage tank of the deaerator or to either the suction or pressure 
side of the feed water pump. In systems which do not have a deaerator, the sulfite can 
be fed at almost any point in the feed water system, including the condensate tank.  
Internal treatment for carbon dioxide is normally accomplished by the use of a volatile 
amine. "Amine" refers to any of a number of chemicals derived from ammonia. There are 
two major groups of amines in practice as water treatment chemicals today. There are 
normally referred to as "neutralizing amines" or "filming amines" depending upon 
whether they neutralize the acid formed by carbon dioxide or form a protective film on 
the metal.  
Filming amines do not neutralize the carbonic acid which forms in condensate systems. 
Instead, they form a film on the metal which is non-wettable, or impervious to water. this 
protective film prevents the corrosive impurities from contacting the metal.  
Neutralizing amines function by increasing the pH of the condensate. Normally they are 
fed at such a rate that the pH of the condensate is maintained slightly above 7.0. 
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Satisfactory reduction of carbon dioxide corrosion is possible with the use of a 
neutralizing amine. it is necessary to supplement this type of condensate protection with 
an oxygen scavenger to remove dissolved oxygen.  
Whether condensate corrosion is controlled by chemical treatment or a combination of 
mechanical and chemical methods, it is important that careful checks and testing be 
incorporated as a part of the treatment program. No treatment can be better than the 
way in which it is applied.  
 
Q.6 : Discuss the advantages and disadvantages of pulverized coal firing systems. 
 
Answer : Pulverized method of burning coal has distinct advantages: 

1. The quantity of excess air can be controlled and kept down to a small 
percentage, thus producing high combustion temperature and high efficiency.  

2. The lower grades of coal can be burned more efficiently than by most other firing 
methods. 

3. The boiler is ‘flexible’, i.e. the rate of firing can be quickly changed to meet 
varying loads. 

4. There is no known limit to size, P.F. boilers with an evaporation of 560-700 
Kg/sec are now in service. 

5. The P.F. boiler will burn a wider variety of coals with less trouble than with other 
methods. 

 
Pulverized method of burning coal has few disadvantages: 

1. Grounding of coal (pulverization) is tuff task. 
2. Required very skilled level operation. 

 
Q.7 : Differentiate between sedimentation and filtration. List the relative merits and 
demerits of these processes. 
 
Answer :  
 
Sedimentation : Waters exiting the flocculation basin may enter the sedimentation 
basin, also called a clarifier or settling basin. It is a large tank with low water velocities, 
allowing floc to settle to the bottom. The sedimentation basin is best located close to the 
flocculation basin so the transit between the two processes does not permit settlement or 
floc break up. Sedimentation basins may be rectangular, where water flows from end to 
end, or circular where flow is from the centre outward. Sedimentation basin outflow is 
typically over a weir so only a thin top layer of water—that furthest from the sludge—
exits. 

 

Filtration : After separating most floc, the water is filtered as the final step to remove 
remaining suspended particles and unsettled floc. The most common type of filter is 
a rapid sand filter. Water moves vertically through sand which often has a layer of 
activated carbon or anthracite coal above the sand. The top layer removes organic 
compounds, which contribute to taste and odour. The space between sand particles is 
larger than the smallest suspended particles, so simple filtration is not enough. Most 
particles pass through surface layers but are trapped in pore spaces or adhere to sand 
particles. Effective filtration extends into the depth of the filter. This property of the filter is 
key to its operation: if the top layer of sand were to block all the particles, the filter would 
quickly clog. 

http://mithileshkhudawal.wix.com/boeindia
http://en.wikipedia.org/wiki/Settling_basin
http://en.wikipedia.org/wiki/Settling_basin
http://en.wikipedia.org/wiki/Rapid_sand_filter
http://en.wikipedia.org/wiki/Activated_carbon
http://en.wikipedia.org/wiki/Anthracite_coal


IBCS (Indian BOE Coaching Services)  

KERALA BOE-2014 Paper-2 Solution 

website link: http://mithileshkhudawal.wix.com/boeindia 
“IBCS  is the Premier BOE Coaching Services in India, where dream convert into reality in very short 
duration” 

Advantages of Filtration:  

1. Filters out much smaller particles than paper and sand filters can. 

2. Filters out virtually all particles larger than their specified pore sizes. 

3. They are quite thin and so liquids flow through them fairly rapidly. 

4. They are reasonably strong and so can withstand pressure differences across 

them of typically 2–5 atmospheres. 

5. They can be cleaned (back flushed) and reused. 

 
Q.8 : Under what circumstances must a boiler be shutdown immediately? 
 
Answer : 
Boiler should be taken shutdown immediately after following circumstances: 

1. Leakage in any pressure part of the boiler. 
2. Failure of vital control & instrumentation equipment. 
3. Any emergency condition i.e. fire or accident anywhere in boiler. 
4. Mal-functioning of running gauge glass/hydra steps. 
5. Tripping of turbine (In-case of single boiler & turbine unit). 

 
 

PART-B (LONG ANSWER TYPE QUESTION & ANSWER) 
 
Q.9 : Explain the importance of conducting boiler trials? What are the 
measurements to be recorded during a boiler trial? Discuss about the content of a 
typical heat balance sheet on minute basis to be prepared. 
 
Answer : Boiler Trial/Commissioning activity, a Boiler should be ready to generate 
steam with full safety & maximum MCR without violating any IBR & safety rules. Boiler 
commissioning procedure will vary as per type of boiler, capacity of boiler, type of fuel 
used. Always try to maintain manufacturer recommendations for commissioning of any 
Boiler. If required any change in procedure it should be taken prior clearance from 
manufacturer.  
Boiler Trial/Commissioning Procedure :  
1. Mechanical/Electrical/Instrumentation jobs to be completed.  
2. Successful Trial run of all equipments & Auxiliaries.  
3. Interlock, Protection and controls are taken in line.  
4. Furnace /Pressure parts/Hoppers are clean.  
5. Refractory curing.  
6. Expansion measurement.  
7. Boiler hydraulic test to be done.  
8. Gas tightness test.  
9. Air tightness test.  
10. Alkali Boil out (Atmospheric & Pressure)  
11. Safety valve settings to be done.  
12. Steam Blowing  
13. PG (Performance guarantee test) 
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Q.10 : What are the various boiler tube failure mechanism? Explain each of them. 
 
Answer : Various boiler tube failures mechanism: 

1. Caustic Attack 
Symptoms: Localized wall loss on the inside diameter (ID) surface of the tube, resulting 
in increased stress and strain in the tube wall. 
Causes: Caustic attack occurs when there is excessive deposition on ID tube surfaces. 
This leads to diminished cooling water flow in contact with the tube, which in turn causes 
local under-deposit boiling and concentration of boiler water chemicals. If combined with 
boiler water chemistry upsets of high pH, it results in a caustic condition which 
corrosively attacks and breaks down protective magnetite. 

2. Oxygen Pitting 
Symptoms: Aggressive localized corrosion and loss of tube wall, most prevalent near 
economizer feedwater inlet on operating boilers. Flooded or non-drainable surfaces are 
most susceptible during outage periods.  
Causes: Oxygen pitting occurs with the presence of excessive oxygen in boiler water. It 
can occur during operation as a result of in-leakage of air at pumps, or failure in 
operation of preboiler water treatment equipment. This also may occur during extended 
out-of-service periods, such as outages and storage, if proper procedures are not 
followed in lay-up. Non-drainable locations of boiler circuits, such as superheater loops, 
sagging horizontal superheater and reheater tubes, and supply lines, are especially 
susceptible.More generalized oxidation of tubes during idle periods is sometimes 
referred to as out-of-service corrosion.Wetted surfaces are subject to oxidation as the 
water reacts with the iron to form iron oxide. When corrosive ash is present, moisture on 
tube surfaces from condensation or water washing can react with elements in the ash to 
form acids that lead to a much more aggressive attack on metal surfaces.  

3. Hydrogen Damage 
Symptoms: Intergranular micro-cracking. Loss of ductility or embrittlement of the tube 
material leading to brittle catastrophic rupture.  
Causes: Hydrogen damage is most commonly associated with excessive deposition on 
ID tube surfaces, coupled with a boiler water low pH excursion. Water chemistry is 
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upset, such as what can occur from condenser leaks, particularly with salt water cooling 
medium, and leads to acidic (low pH) contaminants that can be concentrated in the 
deposit. Under-deposit corrosion releases atomic hydrogen which migrates into the tube 
wall metal, reacts with carbon in the steel (decarburization) and causes intergranular 
separation.  

4. Stress Corrosion Cracking (SCC) 
Symptoms: Failures from SCC are characterized by a thick wall, brittle-type crack. May 
be found at locations of higher external stresses, such as near attachments. 
Causes: SCC most commonly is associated with austenitic (stainless steel) superheater 
materials and can lead to either transgranular or intergranular crack propagation in the 
tube wall. It occurs where a combination of high-tensile stresses and a corrosive fluid are 
present. The damage results from cracks that propagate from the ID. The source of 
corrosive fluid may be carryover into the superheater from the steam drum or from 
contamination during boiler acid cleaning if the superheater is not properly protected. 

5. Waterside Corrosion Fatigue 
Symptoms: ID initiated, wide trans granular cracks which typically occur djacent to 
external attachments. 
Causes: Tube damage occurs due to the combination of thermal fatigue and corrosion. 
Corrosion fatigue is influenced by boiler design, water chemistry, boiler water oxygen 
content and boiler operation. A combination of these effects leads to the breakdown of 
the protective magnetite on the ID surface of the boiler tube. The loss of this protective 
scale exposes tube to corrosion. The locations of attachments and external weldments, 
such as buckstay attachments, seal plates and scallop bars, are most susceptible. The 
problem is most likely to progress during boiler start-up cycles. 

6. Superheater Fireside Ash Corrosion 
Symptoms: External tube wall loss and increasing tube strain. Tubes commonly have a 
pock-marked appearance when scale and corrosion products are removed. 
Causes: Fireside ash corrosion is a function of the ash characteristics of the fuel and 
boiler design. It usually is associated with coal firing, but also can occur for certain types 
of oil firing. Ash characteristics are considered in the boiler design when establishing the 
size, geometry and materials used in the boiler. Combustion gas and metal temperatures 
in the convection passes are important considerations. Damage occurs when certain 
coal ash constituents remain in a molten state on the superheater tube surfaces. This 
molten ash can be highly corrosive. 

7. Water wall Fireside Corrosion 
Symptoms: External tube metal loss (wastage) leading to thinning and increasing tube 
strain. 
Causes: Corrosion occurs on external surfaces of water wall tubes when the combustion 
process produces a reducing atmosphere (substoichiometric).This is common in the 
lower furnace of process recovery boilers in the pulp and paper industry. For 
conventional fossil fuel boilers, corrosion in the burner zone usually is associated with 
coal firing. Boilers having maladjusted burners or operating with staged air zones to 
control combustion can be more susceptible to larger local regions possessing a 
reducing atmosphere, resulting in increased corrosion rates.  

8. Fireside Corrosion Fatigue 
Symptoms: Tubes develop a series of cracks that initiate on the outside diameter (OD) 
surface and propagate into the tube wall. Since the damage develops over longer 
periods, tube surfaces tend to develop appearances described as “elephant hide,” 
“alligator hide” or craze cracking. Most commonly seen as a series of circumferential 
cracks. Usually found on furnace wall tubes of coal-fired once-through boiler designs, but 
also has occurred on tubes in drum-type boilers.  
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Causes: Damage initiation and propagation result from corrosion in combination with 
thermal fatigue. Tube OD surfaces experience thermal fatigue stress cycles which can 
occur from normal shedding of slag, sootblowing or from cyclic operation of the boiler. 
Thermal cycling, in addition to subjecting the material to cyclic stress, can initiate 
cracking of the less elastic external tube scales and expose the tube base material to 
repeated corrosion. 

9. Short-term Overheat 
Symptoms: Failure results in a ductile rupture of the tube metal and is normally 
characterized by the classic “fish mouth” opening in the tube where the fracture surface 
is a thin edge. 
Causes: Short-term overheat failures are most common during boiler start up. Failures 
result when the tube metal temperature is extremely elevated from a lack of cooling 
steam or water flow. A typical example is when super-heater tubes have not cleared of 
condensation during boiler start-up, obstructing steam flow. Tube metal temperatures 
reach combustion gas temperatures of 1600°F or greater which lead to tube failure. 

10. Long-term Overheat 
Symptoms: The failed tube has minimal swelling and a longitudinal split that is narrow 
when compared to short-term overheat. Tube metal often has heavy external scale build-
up and secondary cracking. 
Causes: Long-term overheat occurs over a period of months or years. Superheater and 
reheat superheater tubes commonly fail after many years of service, as a result of creep. 
During normal operation, alloy superheater tubes will experience increasing temperature 
and strain over the life of the tube until the creep life is expended. Furnace water wall 
tubes also can fail from long-term overheat. In the case of water wall tubes, the tube 
temperature increases abnormally, most commonly from waterside problems such as 
deposits, scale or restricted flow. In the case of either superheater or water wall tubes, 
eventual failure is by creep rupture. 

11. Dissimilar Metal Weld (DMW) Failure 
Symptoms: Failure is preceded by little or no warning of tube degradation. Material fails 
at the ferritic side of the weld, along the weld fusion line. A failure tends to be 
catastrophic in that the entire tube will fail across the circumference of the tube section. 
Causes: DMW describes the butt weld where an autenitic (stainless steel) material joins 
a ferritic alloy, such as SA213T22, material. Failures at DMW locations occur on the 
ferritic side of the butt weld. These failures are attributed to several factors: high stresses 
at the austenitic to ferritic interface due to differences in expansion properties of the two 
materials, excessive external loading stresses and thermal cycling, and creep of the 
ferritic material. As a consequence, failures are a function of operating temperatures and 
unit design. 

12. Erosion 

Symptoms: Tube experiences metal loss from the OD of the tube. Damage will be 

oriented on the impact side of the tube. Ultimate failure results from rupture due to 

increasing strain as tube material erodes away. 

Causes: Erosion of tube surfaces occurs from impingement on the external surfaces. 

The erosion medium can be any abrasive in the combustion gas flow stream, but most 

commonly is associated with impingement of fly ash or soot blowing steam. In cases 

where soot blower steam is the primary cause, the erosion may be accompanied by 

thermal fatigue.  
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Q.11 : Discuss about the causes of deposit and scale formation in boilers. 
 
Answer : Deposit and Scale Formation Mechanism in boilers : 
Deposition and scale formation in steam generating systems results from the fact that 
the solubility of the deposit forming salts decreases with increasing temperature and 
concentration. Some of the more common constituents associated with deposition and 
scaling are:  
Calcium (Ca) Phosphate (PO4)  
Magnesium (Mg) Sulfate (SO4)  
Bicarbonate (HCO3) Silicate (SiO2)  
Carbonate (CO3) Iron (Fe)  
 
Without proper treatment of feedwater and boiler water, deposits and scale may form by 
one or a combination of the following mechanisms:  
 
1. Precipitation of relatively insoluble feedwater hardness compounds either in the 
preboiler and/or the boiler. Hardness should be controlled in the feedwater prior to 
reaching the boiler and precipitated in the main body of boiler water in the steam and 
mud drums. Precipitation of solids will form hard deposits on heat transfer if allowed to 
adhere to these surfaces.  
 
2. Improper selection or inadequate control of chemical sludge conditioners 
anddispersants. Chemical treatments utilize various mechanisms to condition and 
disperse precipitates and suspended solids formed in boiler water. Using too little of the 
proper treatment chemical may not provide adequate conditioning and dispersion to 
prevent adherence to boiler metal, and over-feeding the chemical treatment may 
interfere withproper conditioning of suspended solids and prevent their removal from the 
boiler through blowdown. Any one of these conditions can lead to increased boiler 
deposition tendencies.  
 
3. Supersaturation and crystallization of relatively soluble dissolved solids at the 
heat transfer surfaces. The thin film of boiler water immediately adjacent to the primary 
heating surface tends to become more concentrated with dissolved solids than the main 
body of boiler water. As steam bubbles are formed, they depart from the tube wall 
leaving solids behind which form deposits.  
 
4. Increasing the concentration of suspended solids in the boiler water due to 
inadequate blowdown. Failure to properly perform blowdown results in more solids in 
contact with the heat transfer surfaces increasing the potential for scale formation and 
carryover.  
 
5. Accumulation of iron and copper oxides from corrosion by-products entering 
the boiler from the preboiler system or transported with the return condensate. 
These metal oxides not only form deposits, but they also may act as binders for other 
insoluble solids in the boiler water, further increasing deposit tendencies. In addition, 
they can contribute to electrolysis corrosion.  
 
6. Oil or process contamination can adhere to boiler surfaces or increase 
adherence of boiler solids. Condenser leakage will contaminate condensate with hard 
water and chemical treatment chemicals, such as corrosion inhibitors, anti-foulants and 
biocides,  
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Q.12 : What is the purpose of mechanical stokers? How stokers are classified? 
Explain them with the aid of diagram. 
 
Answer : The various advantages of stoker firing are as follows : 
(i) Large quantities of fuel can be fed into the furnace. Thus greater combustion capacity 
is achieved. 
(ii) Poorer grades of fuel can be burnt easily. 
(iii) Stoker save labour of handling ash and are self-cleaning. 
(iv) By using stokers better furnace conditions can be maintained by feeding coal at a 
uniform rate. 
(v) Stokers save coal and increase the efficiency of coal firing. The main disadvantages 
of stokers are their more costs of operation and repairing resulting from high furnace 
temperatures. 

 
(i) Chain Grate Stoker. Chain grate stoker and traveling grate stoker differ only in grate 
construction. A chain grate stoker consists of an endless chain which forms a support for 
the fuel bed. The chain travels over two sprocket wheels, one at the front and one at the 
rear of furnace. The traveling chain receives coal at its front end through a hopper and 
carries it into the furnace. The ash is tipped from the rear end of chain. The speed of 
grate (chain) can be adjusted to suit the firing condition. 
The air required for combustion enters through the air inlets situated below the grate. 
Stokers are used for burning non-coking free burning high volatile high ash coals. 
Although initial cost of this stoker is high but operation and maintenance cost is low. 

 
The traveling grate stoker also uses an endless chain but differs in that it carries small 
grate bars which actually support the fuel fed. It is used to burn lignite, very small sizes 
of anthracites coke breeze etc.  
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(ii) Spreader Stoker.  In this stoker the coal from the hopper is fed on to a feeder which 
measures the coal in accordance to the requirements. Feeder is a rotating drum fitted 
with blades. Feeders can be reciprocating rams, endless belts, spiral worms etc. 

 
From the feeder the coal drops on to spreader distributor which spread the coal over the 
furnace. The spreader system should distribute the coal evenly over the entire grate 
area. The spreader speed depends on the size of coal. 
 
(iii) Multi-retort Stoker. The coal falling from the hopper is pushed forward during the 
inward stroke of stoker ram. The distributing rams (pushers) then slowly move the entire 
coal bed down the length of stoker. The length of stroke of pushers can be varied as 
desired. The slope of stroke helps in moving the fuel bed and this fuel bed movement 
keeps it slightly agitated to break up clinker formation.  

 
The primary air enters the fuel bed from main wind box situated below the stoker. Partly 
burnt coal moves on to the extension grate. A thinner fuel bed on the extension grate 
requires lower air pressure under it. The air entering from the main wind box into the 
extension grate wind box is regulated by an air damper. 
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Q.13 : Explain the general methods used in laying foundation for boilers. 
 
Answer : General methods used in laying foundation for boilers : 
 
Boiler Foundation: Constructing the foundation or platform a boiler sits on requires 
skilled engineering and development. Follow the manufacturer’s specifications. Boilers 
may vary in wet weight from 1.5 tons to more than 20 tons. A substantial foundation that 
can withstand the weight and absorb vibration is essential. Reinforced concrete slabs 
with runners provide for placing and anchoring the boiler. The runners should provide a 
level, uniform support and be of sufficient height to allow for maintenance and the 
installation of piping under the boiler. A raised platform also provides easier access for 
boiler room clean up. Generally, a sump in the slab between the runners provides a 
catchment area for boiler blow down or draining of the boiler. This sump drains from the 
building to a suitable dispersal point. 
 
Digging the foundations for a wall is a physically demanding job that could take a couple 
of days, but it's worth doing properly. The success of your wall will depend on the quality 
of your footings, so make sure you get off to a good start.  
You will need following terms to lay the foundation of boiler :---  

1. Spade  

2. Four pegs  

3. String  

4. Enough cement and ballast to make your concrete (for foundations, your 
concrete should be 1 part cement to 5 parts ballast)  

Step-1 : Setting out :  
For small walls your footings need to be 150 millimetres deep by 300 millimetres wide. 
However if you're building a wall over a metre high, you'll need to check how big your 
footings should be.  
Once you know how big your footings need to be, mark out the width and length of the 
trench with pegs and string.  
 
Step-2 : Digging the hole : 
Grab a spade and get digging. Try and cut out any tree roots you encounter and keep an 
eye out for drains.  
 
Step-3 : Filling the concrete :  
Drive stakes into the trench at one metre intervals, with the depth of footing you're after 
marked on their tops. Check them with a spirit level and then start to pour the concrete. 
Leave it to dry for a day and it's ready to build on. 
 
Q.14 : Discuss the principle factors to be considered in calculating boiler 
efficiency. 
 
Answer :  Performance of the boiler, like efficiency and evaporation ratio reduces with 
time, due to poor combustion, heat transfer fouling and poor operation and maintenance. 
Deterioration of fuel quality and water quality also leads to poor performance of boiler. 
Efficiency testing helps us to find out how far the boiler efficiency drifts away from the 
best efficiency. Any observed abnormal deviations could therefore be investigated to 
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pinpoint the problem area for necessary corrective action. Hence it is necessary to find 
out the current level of efficiency for performance evaluation, which is a pre requisite for 
energy conservation action in industry.  
 
Purpose of the Performance Test  

• To find out the efficiency of the boiler  
• To find out the Evaporation ratio  

 
The purpose of the performance test is to determine actual performance and efficiency 
of the boiler and compare it with design values or norms. It is an indicator for tracking 
day-to-day and season-to-season variations in boiler efficiency and energy efficiency 
improvements 
 
Boiler Efficiency : Thermal efficiency of boiler is defined as the percentage of heat input 
that is effectively utilized to generate steam. There are two methods of assessing boiler 
efficiency. 
1) The Direct Method: Where the energy gain of the working fluid (water and steam) is 
compared with the energy content of the boiler fuel. 
2) The Indirect Method: Where the efficiency is the difference between the losses and 
the energy input. The efficiency can be measured easily by measuring all the losses 
occurring in the boilers using the principles to be described. The disadvantages of the 
direct method can be overcome by this method, which calculates the various heat losses 
associated with boiler. The efficiency can be arrived at, by subtracting the heat loss 
fractions from 100.An important advantage of this method is that the errors in 
measurement do not make significant change in efficiency.  
Thus if boiler efficiency is 90% , an error of 1% in direct method will result in significant 
change in efficiency. i.e.90 + 0.9 = 89.1 to 90.9. In indirect method, 1% error in 
measurement of losses will result in  
Efficiency = 100 – (10 + 0.1) = 90 + 0.1 = 89.9 to 90.1 
 
Preparations and pre conditions for testing  
Burn the specified fuel(s) at the required rate.  
Do the tests while the boiler is under steady load. Avoid testing during warming up of 
boilers from a cold condition  
Obtain the charts /tables for the additional data.  
Determination of general method of operation  
Sampling and analysis of fuel and ash.  
Ensure the accuracy of fuel and ash analysis in the laboratory.  
Check the type of blow down and method of measurement  
Ensure proper operation of all instruments.  
Check for any air infiltration in the combustion zone.  
 
Q.15 : Describe the testing schedule for commissioning of an economizer. 
 
Answer : Procedure to be adopted in putting an economizer out of commission 
while the boiler is on steam : Economizer tubes should be designed to withstand 
maximum attainable flue gas temperature when dry. This features, plus an economizer 
feed water bypass loop, allows the boiler to operate safely when the economizer is out of 
service. To maintain the economizer clean, adequately sized access doors should be 
specified to allow regular inspections, maintenance and repairs.  
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If it become necessary to keep the economizer in non-working conditions (for a month or 
more) then it is always preferable to keep it dry. For dry storage, the economizer should 
drained, cleaned and dried. Hygroscopic deposits should be thoroughly cleaned with a 
high pressure water spray to prevent fire side corrosion during shutdown.  
If the down time is small, wet storage is suitable. For wet storage , the economizer 
should be filled to the normal water level with treated and dearated feed water. An 
appropriate dosage of N2H4(Hydrazine) and NH2 and Sodium sulphite should be added 
to the feed water and boiler for one hour before supplying to the economizer. 
Manufacturer’s drawings and instructions should be followed when making an inspection 
of the economizer. Check for proper installation, check breeching duct work, 
arrangement, alignment and expansion provisions. Tubes and headers should be 
checked to make sure there is no plugging nor obstructions on both the waterside and 
fireside of the tubes. Check feed water piping to the economizer inlet header and the 
piping between economizer and boiler. Shutoff and check valves, isolating valves, feed 
water control valve and relief valves, etc., test connections, thermometers and pressure 
gauges should all be inspected and checked 
 
Q.16 : The following data is available from a trial of a steam boiler.  
Feed water temperature=  50*C 
Feed water supplied =  4150kg/hr 
Steam pressure=   10ata 
Dryness fraction of steam=  0.98 
Coal fired=    445kg/hr 
Calorific value of dry coal=  36120kj/kg 
Moisture in coal=   4% 
Temperature of the flue gas= 280*C 
Temperature of boiler house= 5*C 
Barometric pressure =  1ata. 
The ultimate analysis of coal is :  

C=86%,H=4%,Ash=5% and other matter=5%. 
The volumetric analysis of dry flue gas is : 
      CO2=10.4%,CO=1.2%,O2=9.1% & N2=79.3%. 
Prepare the heat balance sheet on 1kg of coal used basis. 
 
Solution : 
 
Theoretical air requirement for coal =100/23x(2.67C+8H+S-O) 
     =4.35x(2.67x0.86+8x0.04) 
     =4.35x(2.2962+0.32) 
     =11.38 kg of air/kg of coal 
Excess air =[O2x100]/[21-O2]   =[9.1x100]/[21-9.1]=910/11.9=76.47% 
Actual air requirement  =11.38x1.7647=20.08 kg of air/kg of coal 
Flue gas generation  =1+20.08=21.08 kg of flue gas/kg of coal 
 
At 10ata pressure, from steam table 
Hf=762.6kj/kg,  hfg= 2013.6kj/kg 
Enthalpy of 1kg of wet steam H=hf+x.hfg=762.6+0.98x2013.6=2735.928kj/kg 
Fuel used=445kg/hr & steam produced=4150kg/hr 
Evaporation ratio=4150/445=9.33 kg/kg of fuel 
T=280*C , Ta=5*C & feed water temp=50*C 
Enthalpy of 1Kg of feed water=50x4.18=209kj/kg 
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CV of coal=36120kj/kg 
Heat supplied by 1 kg of dry fuel=0.96x36120=34675.2kj/kg 
(Wt. of moisture in fuel=4% by weight) 
For heat balance sheet of the boiler : 

(i) Total heat liberated per kg of fuel=34675.2kj 
(ii) Heat utilized in raising steam per kg of fuel=9.33x(2723.928-209)=23464.28kj/kg 
(iii) Heat carried away by dry F/G per kg of fuel= 

=MgxCpx(T-Ta)=21.08x1x(280-5)=5797kj/kg of fuel 
Heat carried away by steam formed due to moisture present in fuel= 

=4.18x5=20.9kj 
Again at atmospheric pressure hg=2676kj/kg 
Degree of superheat of steam formed from moisture=280-100=180*C 
Moisture in 1kg of fuel=0.04x1=0.04kg 

(iv) Heat carried away by moisture=Mgx(Hsup-ho) 
=0.04x{2676+(2.1x180)-20.9}=121.324Kj  [Cp=2.1kj/kg*K] 

 
Heat loss due to radiation(external) & un-accountable losses=(i)-{(ii)+(iii)+(iv)} 
=34675.2-{23464+5797+121.32} 
=5292.88kj 
 
HEAT BALANCE SHEET FOR THE BOILER : 

Heat supplied Kj Heat distribution Kj % 

Heat supplied 
by 1 kg of coal 

34675.2 

1. Heat utilization in raising steam 23464.2 67.6 

2. Heat carried away by dry flue gas 5797 16.7 

3. Heat carried away by moisture in fuel 121.2 0.3 

4. Balance heat loss (Radiation ,un-
accountable etc.) 

5292.8 15.4 

Total 34675.2 Total 34675.2 100 
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