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Answer : 
1(a),2(d),3(c),4(c),5(c),6(d),7(d),8(d),9(b),10(c),11(c),12(a),
13(c),14(a),15(c),16(b),17(d),18(d),19(b),20(b),21(b),22(b),
23(b),24(d),25(c),26(c),27(a),28(d),29(b) &30(c). 
 
Q.2 (i) What is excess air and why it is required for combustion in a boiler. 
 
Answer:  
Excess air - The amount of air needed by a burner which is in excess of the amount 
required for perfect or stoichiometric combustion. Some amount of excess air, depending 
on the available fuel/air mixing energy, is required to assure through mixing of the fuel 
and air for complete combustion. 
For optimum combustion, the real amount of combustion air must be greater than that 
required theoretically. Part of the stack gas consists of pure air, i.e. air that is simply 
heated to stack gas temperature and leaves the boiler through the stack. Chemical 
analysis of the gases is an objective method that helps to achieve finer air control.  
 
Q.2 (ii) Name the different external water treatment methods. 
 
Answer:  
External treatment is the reduction or removal of impurities from water outside the 

boiler. In general, external treatment is used when the amount of one or more 
of the feed water impurities is too high to be tolerated by the boiler system in 
question. 

Following are the different methods of external water treatment : 
1. Softening 
2. Evaporation 
3. Deaeration 
4. Membrane contractors 

 
 Q.2 (iii)  Explain the Radiographic test for detecting material defects. 
 

Answer : Radiographic Testing  is a non-destructive testing (NDT) method of 

inspecting materials for hidden flaws by using the ability of 

short wavelength electromagnetic radiation (high energy photons) to penetrate various 

materials. Either an X-ray machine or a radioactive source, like Ir-192, Co-60, or in rarer 

cases Cs-137 are used in a X-ray computed tomography machine as a source of 

photons. Neutron radiographic testing (NR) is a variant of radiographic testing which 

uses neutrons instead of photons to penetrate materials. This can see very different 
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things from X-rays, because neutrons can pass with ease through lead and steel but are 

stopped by plastics, water and oils. 

Since the amount of radiation emerging from the opposite side of the material can be 

detected and measured, variations in this amount (or intensity) of radiation are used to 

determine thickness or composition of material. Penetrating radiations are those 

restricted to that part of the electromagnetic spectrum of wavelength less than about 

10 nanometres. 

 
Q.2 (iv) Explain the principle of mechanical de-aeration (pressure type) of boiler 
feed water. 
 
Answer: The presence of dissolved gases like oxygen and carbon dioxide in water 
makes the water corrosive, as they react with the metal to form iron oxide. The solubility 
of these gases in water decreases with increase in temperature and becomes zero at the 
boiling or saturation temperature. These gases are removed in the deaerator, where 
feed water is heated to the saturation temperature by the steam extracted from the 
turbine. Feed water, after passing through a heat exchanger, called vent condenser, is 
sprayed from the top so as to expose large surface area, and the bled steam from the 
turbine is fed from the bottom. By contact the steam condenses and the feedwater is 
heated to the saturation temperature. Dissolved oxygen and carbon dioxide gases get 
released from the water and leave along with some vapour, which is condensed back in 
the vent condenser, and the gases are vented out. 
 
 Q.2 (v) What is caustic embrittlement. 
 
Answer : It is a type of stress corrosion which occurs when hairline cracks appear in 
highly stressed areas due to high concentrations of alkaline salts that liberate hydrogen, 
which is then absorbed by the iron in steel, effectively changing its physical properties. 
This condition is caused largely by boiler water with pH values 11+ and manifests itself in 
high-temperature areas of the boiler. Boilers of riveted construction are prone to this type 
of failure, where the crack extends continuously from one hole to other. 
 
Q.2 (vi) Define draught. What is the function of draught in a boiler ? Enumerate the 
different types of draught available for boiler. 
 
Answer:  
The system, which ensures continuous supply of combustion air and the evacuation of 
product of combustion, is known as draught system. The function of producing draught in 
a boiler is 
a) To supply or assist in drawl of required quantity of air for efficient combustion of 
fuel in boiler furnace. 
b) To evacuate the resulting products of combustion through the system. 
c) To discharge and let out hot gases to atmosphere through the chimney. 
Types of draught in boiler as follows : 

1. Natural draught 

2. Artificial/Mechanical draught 

a. Induced draught,  b. Forced draught  & c. Balanced draught 
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 Q.2 (vii) Explain reverse adiabatic expansion of steam. 
 
Answer : In thermodynamics, a process involving change without any increase or 
decrease of entropy. Since the entropy always increases in a spontaneous process, one 
must consider reversible or quasistatic processes. During a reversible process the 
quantity of heat transferred is directly proportional to the system's entropy change. 
Systems which are thermally insulated from their surroundings undergo processes 
without any heat transfer; such processes are called adiabatic. Thus during an isentropic 
process there are no dissipative effects and the system neither absorbs nor gives off 
heat. For this reason the isentropic process is sometimes called the reversible adiabatic 
process. 
 
Q.2 (viii) Explain over pressure & blow-down of a safety valve. 
 
Answer : Over pressure of a safety valve : Pressure at which safety valve has to 
achieve its full discharge capacity normally set pressure +10%. 
Difference between the pressure at which the valve pops and that at which it closes is 
the blow-down. The valve remains open until the pressure falls a few kg/cm2 below the 
original popping point because when it does open, a greater area of disk surface is 
presented to the upward rush of escaping steam and further upward pressure is exerted 
on the valve lip. The amount of blow-down may be varied by raising or lowering the 
adjusting ring on the outside of the valve seat, thus decreasing and increasing the area 
of the small ports through which the steam escapes from the “huddling chamber”. 
 
 Q.2 (ix) Wet Scrubber 
 
Answer : Wet scrubber describes a variety of devices that remove pollutants from 
a furnace flue gas or from other gas streams. In a wet scrubber, the polluted gas stream 
is brought into contact with the scrubbing liquid, by spraying it with the liquid, by forcing it 
through a pool of liquid, or by some other contact method, so as to remove the 
pollutants. 
 
Q.3 (i) What is corrosion? Explain the electrochemical theory of corrosion. Explain 
the importance of pH value to control the corrosion phenomenon. 
 
Answer: Corrosion : It is the gradual destruction of materials (usually metals) by 
chemical reaction with its environment.  This means electrochemical oxidation of metals 
in reaction with an oxidant such as oxygen. Rusting, the formation of iron oxides, is a 
well-known example of electrochemical corrosion. This type of damage typically 
produces oxide(s) or salt(s) of the original metal. Corrosion degrades the useful 
properties of materials and structures including strength, appearance and permeability to 
liquids and gases. 
 
Electrochemical Corrosion Theory: 

Electrochemical corrosion involves two half-cell reactions; an oxidation reaction at the 
anode and a reduction reaction at the cathode. For iron corroding in water with a near 
neutral pH, these half cell reactions can be represented as: 
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Anode reaction: 2Fe => 2Fe2+ + 4e- 
 
Cathode reaction: O2 + 2H2O + 4e- => 4OH- 

There are obviously different anodic and cathodic reactions for different alloys exposed 
to various environments. These half cell reactions are thought to occur (at least initially) 
at microscopic anodes and cathodes covering a corroding surface. Macroscopic anodes 
and cathodes can develop as corrosion damage progresses with time. 

 
 

Schematic representation of electrochemical corrosion process  
(aqueous corrosion of iron under near neutral pH conditions) 

 

(Schematic representation of current flow (conventional current direction) in a simple corrosion cell) 

From the above theory it should be apparent that there are four fundamental 
components in an electrochemical corrosion cell: 

 An anode. 
 A cathode. 
 A conducting environment for ionic movement (electrolyte). 

An electrical connection between the anode and cathode for the flow of electron current. 
If any of the above components is missing or disabled, the electrochemical corrosion 
process will be stopped. Clearly, these elements are thus fundamentally important for 
corrosion control. 

Importance of pH value to control the corrosion phenomenon : 
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Within the acid range (pH <4), the iron oxide film is continually dissolved. In cooling 
water, the potential for calcium carbonate precipitation increases with higher pH and 
alkalinity; thus the corrosion rate decreases slightly as pH is increased from 4 to 10. 
Above pH 10, iron becomes increasingly passive. 

Q.3 (ii) Describe the working of de-mineralizing water treatment plant system with 
neat sketch. List out its merits over other systems. 
 
Answer:  
Demineralization water treatment Plant :  
Demineralization is the removal of dissolved ionic impurities that are present in water. 
Demineralized water is commonly produced by one or a combination of the following 
processes: 
• Ion exchange 
• Membrane desalination 
• Thermal desalination 
 
The method selected to produce demineralized water depends on the quality of the 
influent water, the required quality of the effluent water, the availability of resources such 
as regenerant chemicals, and wastewater treatment and disposal requirements. The 
economics of the processes that produce acceptable effluent quality must be evaluated 
to determine the most cost-effective method for a specific application. 

Inorganic removal is accomplished through the adsorption of contaminant ions into a 
resin exchange medium. One ion is substituted for another on the charged surface of the 
medium that is usually a plastic resin. This type of surface is designed as either cationic 
or anionic-negatively charged. The medium is saturated with exchangeable ions before 
the treatment operations. 

The contaminant ions during ion exchange, replace the regenerant ions because they 
are preferred by the exchange medium. When no ions are left to take the place of the 
contaminant ions, the medium is regenerated with a suitable solution that saturates the 
medium with the appropriate ions. Since there is a required down time, the regeneration 
cycles are done only once per day. 

For resin exchange, capacity is expressed in terms of weight per unit volume of the resin 
used. Calculation of the breakthrough time for an ion exchange unit requires knowing the 
resin exchange capacity, influent contaminant concentration and the desired effluent 
quality. 

Merits of D M Plant 

1. Ion exchange can be used with fluctuating flow rates. 
2. Makes effluent contamination impossible. 
3. Resins are available in large varieties from suppliers and each resin is effective in 

removing specific contaminants. 
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 Q.3 (iii) Describe the function of Three Element control in boiler operation. 
 
Answer:  
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In three element control steam flow, feed water flow, and water level are 
measured and recorded by mechanically operated meters. Measurements of steam flow 
and water flow are balanced against each other with differential linkage. A pilot control is 
connected to the linkage so that any difference between the amounts of steam flow and 
of water flow causes a change in the pneumatic output signal. This signal is transmitted 
to an air relay where it is combined with the pneumatic signal from the water level 
recorder. 

A change in boiler load unbalances the differential linkage, thus producing a 
change in the output of the pilot control. That in turn changes the output of the air relay. 
This new signal repositions the feed-water control valve, admitting required water into 
the boiler equal to the steam flow out of the boiler. The resulting change in feed water 
flow rebalances the differential linkage and brings the pilot-control signal back to its 
neutral point. As a final check, and to ensure having the proper drum level, the signal 
from the pilot control in the water level recorder readjusts the feed water control valve, if 
required. The selector valve in the system provides automatic or remote manual control. 
Under normal operating conditions the control pressure gage on the selector valves is an 
indication of valve position. 
 
Q.3 (iv) Write a short note on combustion control for boiler. Also describe the 
different types of combustion control. 
 
Answer:  
Combustion Controls : Combustion controls assist the burner in regulation of fuel 
supply, air supply, (fuel to air ratio), and removal of gases of combustion to achieve 
optimum boiler efficiency. The amount of fuel supplied to the burner must be in 
proportion to the steam pressure and the quantity of steam required. The combustion 
controls are also necessary as safety device to ensure that the boiler operates safely. 
 
Based on master demand signal for loading and unloading of the boiler, the signal is 
the set point of each controller of fuel, the signal ratio distribution among all fuel 
controllers is decided by the boiler operator, as per the availability of different fuels. 
Each controller of fuel changes the rate of fuel flow. The same master signal 
becomes set point of airflow controller. The trimming of excess oxygen in flue gas is 
brought down through Oxygen controller. The amount of Excess Air V/s Boiler Load 
pattern is different for each boiler manufacture. This graph is fed into excess oxygen 
controller. Hence based on various load conditions the excess oxygen is controlled 
by oxygen control by generating its output to make set point of airflow controller. 
 
Hence during change over of boiler load the master signal give command to (1) Fuel 
Controller and (2) Airflow Controller. During ‘increasing’ trend of Boiler Load, Air 
Flow is increased first and after actual increase of Air Flow the Fuel Flow is 
increased. This is done for assuring that sufficient air in furnace is available before 
injection of extra quantity of fuel. Similarly when the boiler load is decreasing the 
fuel is decreased first and Air Flow reduced later. This control system has been 
designed by introducing feed back/feed forward or lead-lag net after master signal. 
 
Various types of combustion controls in use are: 

1. On/Off control: The simplest control, ON/OFF control means that either the 
burner is firing at full rate or it is OFF. This type of control is limited to small 
boilers.  
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2. High/low/off control: Slightly more complex is HIGH/LOW/OFF system where 
the burner has two firing rates. The burner operates at slower firing rate and 
then switches to full firing as needed. Burners can also revert to the low firing 
position at reduced load. This control is fitted to medium sized boilers. 

3. Modulating control: The modulating control operates on the principle of 
matching the steam pressure demand by altering the firing rate over the entire 
operating range of the boiler. Modulating motors use conventional mechanical 
linkage or electric valves to regulate the primary air, secondary air, and fuel 
supplied to the burner. Full modulation means that boiler keeps firing, and fuel 
and air are carefully matched over the whole firing range to maximize thermal 
efficiency. 

 
Q.3 (v) Describe the main difference between an Impulse and a Reaction Turbine. 
 
Answer: 

 

http://mithileshkhudawal.wix.com/boeindia


IBCS (Indian BOE Coaching Services)  

UP 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” 

 
 
Q.3 (vi) A fan is operating at 900rpm, develops a flow of 3000 Nm3/hr at a static 
pressure of 600 mmWC. What will be the flow and static pressure if the speed is 
reduced to 600rpm? 
 
Solution : 
As per fan’s affinity law : 

(i) Flow α Speed i.e. F1/F2=N1/N2 
3000/ F2=900/600 
F2=(3000x600)/900 
Flow =2000 Nm3/hr Answer 
(ii) Pressure α Speed2 i.e. P1/P2=(N1/N2)

2 
  600/P2=(900/600)2 
P2=600x4/9 
Static pressure=267 mmWC Answer 
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Q.4 (i) Explain the working of ESP with a neat diagram. List out its outstanding 
features over other collectors. Also explain the effect of the size of the particle and 
voltage supplied on the performance of ESP. 
 
Answer:  

• DISCHARGE ELCTRODE (DE) 
o UNDER THE APPLICATION OF VERY HIGH DC VOLTAGE,  
o DISCHARGES FREE ELECTRONS WHICH IN TURN IONIZES THE 

GAS AND DUST PARTICLES.  
• COLLECTING ELECTRODE (CE)  

o GENERALLY AT THE GROUND POTENTIAL,  
o COLLECTS THE CHARGED DUST PARTICLES AND NEUTRALIZES 

THEIR CHARGE. 
• CORONA DISCHARGE  

 WHEN THE HIGH DC NEGATIVE POTENTIAL, APPLIED TO THE 
DISCHARGE ELCTRODE W.R.T. THE GROUNDED COLLECTING 
ELECTRODE, IS INCREASED, AT A PARTICULAR VOLTAGE THE 
BREAKDOWN OF THE MEDIUM TAKES PLACE, RESULTING IN THE 
DISCHARGE OF FREE ELECTRONS FROM THE DISCHARGE 
ELECTRODES. THIS PHENOMENON IS KNOWN AS ‘CORONA 
DISCHARGE’. 

• DEW POINT  
 THE TEMP. AT WHICH THE MOISTURE PRESENT IN THE GAS/ AIR 

CONDENSES AND APPEARS AS “DEW”.  
• RESISTIVITY  

 THE ELECTRICAL RESISTANCE OF ONE CUBIC CENTIMETER DUST 
PARTICLE, EXPRESSED IN UNITS “OHM-CENTIMETER”. IT IS THE 
TYPICAL ELECTRICAL CHARACTERISTICS OF DUST AND THE 
PERFORMANCE OF ESP IS VERY SENSITIVE TO THIS PARAMETER.  
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• High DC negative potential is applied to DE w.r.t. grounded collecting electrode. 
• Above dielectric strength, the breakdown of medium takes place. 
• Discharge of free electrons from DE which move towards CE. 
• Ionizes gas molecules & charges dust particles negatively. 
• These negatively charged dust particles move towards CE, gets collected & 

loose their charge. 
 
Features of Electrostatic precipitators : 

1. High installation cost but low operation cost 
2. Low pressure drop. 
3. Less maintenance required. 
4. No physical obstacle (unlike bag filters) to capture the dust 
5. Unique method of dozing out the dust, perpendicular to the flow of 

electrostatic Charging.  
6. Performance depends on synchronization of various functional aspects of 

different fields (like electrical, Mechanical and process). 
7. Efficiency as high as 99.9% 
8. Efficiency fluctuates with process conditions (like temp. & % of water) 
9. Performance increases with increase in Dew point (Min. Dew point 50°C). 
10. Not suitable for High resistivity dust. 
11. Hot ESP can handle gas temp. as high as 350°C. 
12. Well suited to treat alkali rich raw materials.  

 
DUST CONCENTRATION:  
 Major changes in dust concentration affect the ESP performance as this 

parameter affects the development of voltage and current in precipitator. 
 For a precipitator to perform well, both voltage and current of precipitator are 

important. While the voltage is responsible for pushing the dust particles 
towards the CE, the current is responsible for keeping them there.  

 The performance of ESP is related to the product of voltage and current i.e. 
electrical work.  

 A well designed precipitator under ideal operating conditions, will go to the 
maximum value of precipitator voltage and current of the transformer rectifier 
set values.  

 
Voltage and Current:  
 In ESPs, more than one electrical fields are created through separate source of 

voltage.  
 These fields are usually numbered as 1,2,3…. from inlet side.  
 Voltage is the pushing source for the dust particle accelerating them towards the 

collecting plates.  
 Higher acceleration towards the collecting plates can result in increased 

efficiency. 
 The voltage pushes the dust particle, and the corona current holds the particle 

charging. The higher particle size charging results in higher Migration velocity 
and therefore it also improves the efficiency. 

 ESPs develop different voltage and current level in different fields. The efficiency 
of dust separation of each field is proportional to the electrical works i.e. the 
product of voltage and current for that particular field. 
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Q.4 (ii) What is fluidized bed combustion boiler? Explain features and operation of 
the boiler with neat sketch. Describe its merits and demerits of this boiler over 
pulverized fuel fired boiler. 
 
Answer: 
FLUIDISED BED COMBUSTION (FBC)  

 
Burning of pulverised coal has some problems such as particle size of coal used in 
pulverised firing is limited to 70-100 microns, the pulverised fuel fired furnances 
designed to burn a particular can not be used other type of coal with same efficiency, the 
generation of high temp. about (1650 C) in the furnace creates number of problems like 
slag formation on super heater, evaporation of alkali metals in ash and its deposition on 
heat transfer surfaces, formation of SO2 and NOX in large amount. 
Fluidised Bed combustion system can burn any fuel including low grade coals (even 
containing 70% ash), oil, gas or municipal waste. Improved desulphurisation and low 
NOX emission are its main characteristics. Fig. 4.41 shows basic principle of Fluidised 
bed combustion (FBC) system. The fuel and inert material dolomite are fed on a 
distribution plate and air is supplied from the bottom of distribution plate. The air is 
supplied at high velocity so that solid feed material remains in suspension condition 
during burning. The heat produced is used to heat water flowing through the tube and 
convert water into steam: During burning SO2 formed is absorbed by the dolomite and 
thus prevents its escape with the exhaust gases. The molten slag is tapped from the top 
surface of the bed. The bed temperature is nearly 800-900’C which is ideal for sulphur 
retention addition of limestone or dolomite to the bed brings down SO2 emission level to 
about 15% of that in conventional firing methods. 
The amount of NOX is produced is also reduced because of low temperature of bed and 
low excess air as compared to pulverised fuel firing. 
The inert material should be resistant to heat and disintegra-tion and should have similar 
density as that of coal. Limestone, or dolomite, fused alumina, sintered ash are 
commonly used as inert materials. 
Various advantages of FBC system are as follows: 
(i) FBC system can use any type of low grade fuel including municipal wastes and 
therefore is a cheaper method of power generation. 
(ii) It is easier to control the amount of SO2 and NOX, formed during burning. Low 
emission of SO2 and NOX. will help in controlling the undesirable effects of SO2 and 
NOX. during combustion. SO2 emission is nearly 15% of that in conventional firing 
methods. 
(iii) There is a saving of about 10% in operating cost and 15% in the capital cost of the 
power plant. 
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(iv) The size of coal used has pronounced effect on the operation and performance of 
FBC system. The particle size preferred is 6 to 13 mm but even 50 mm size coal can 
also be used in this system. 
 
Q.4 (iii) Calculate the minimum height of chimney required to produce a draft of 
19mm of water column if 18kg of air is required per kg of fuel burnt on the grate. 
The mean temperature of the gas inside the chimney is 357*C and that of 
atmospheric air 24*C 
 
Solution: Suppose H=Height of chimney to produce a draft 

Given That, Ta (Ambient temp) is 24*C=297*K   
T=357*C=630*K , h=19mmWC 
w=18kg/kg of coal burnt  
Theoretical draught “h”=353H(1/Ta-{w+1/w}x1/T) 
19=353xH(1/297-{19/18}x1/630) 
19=353xH(0.0034-1.0556x0.00159) 
19=353xH(0.0034-0.00168) 
19=353xH(0.00172) 
19=Hx0.60716 
H=19/0.60716=31.29 meter (Answer) 
 
Q.4 (iv) Describe the travelling grate and Spreader stoker boiler. 
 
Answer : 
 
Travelling grate stoker boiler : 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. The stokers are suitable 
for low ratings because the fuel must be burnt before it reaches the rear of the furnace. 
With forced draught, rate of combustion is nearly 30 to 50 lb of coal per square foot of 
grate area per hour, for bituminous 20 to 35 pounds per square foot per hour for 
anthracite. 
 
Spreader Stoker boiler : 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. 
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