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Answer : 1(b),2(b),3(a),4(c),5(a),6(b),7(b),8(a),9(a),10(b),11(a),12(a),13(a),14(c),15(a), 
16(b),17(a),18(a),19(b) &20(a). 
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Question 2 : Write True or False against each of the statements given below : 
(i) Secondary Air preheater have more seal leakage than a Primary Air 

Preheater in typical 500MW Boiler. 
(ii) Slagging occurs only in the first pass of Pulverized fuel boiler. 
(iii)  Recycle ratio is more in CFB than BFB combustor. 
(iv) The height of the chimney is same irrespective the size of the unit. 
(v) Non Metallic expansion joints take more miss-alignment than metallic 

expansion joints in the ducting. 
(vi)  The travel of Wall de-slaggers is same as that of LRSB’s. 
(vii) Scavenging is a term associated with Oil guns. 
(viii) ERV’s(Electromatic relief valves) automatically release transient 

pressure surges in the steam lines. 
(ix) Combustion in FBC units takes place at temperature below the ash fusion 

temperature for most fuels. 
(x) While carrying out high pressure joint, the baking of electrode is not 

recommended. 
 
Answer : 1(False), 2(True),3(True),4(False),5(True),6(False),7(True),8(True),9(True) & 
10(False). 
 
Question 3(i) : What are the advantages of Over-bed feed system in FBC boilers? 
Write any two limitations of this system. 
 
Answer :  
Advantages of Over-bed feed system : 

1. Variety of fuel flexibility. 
2. Better turn down ratio. 
3. Fuel feeding system can accept over size fuel also. 
4. Elimination of coal conveying line lead to minimize the potential of erosion. 

Limitations of Over-bed feed system : 
1. Partial combustion above the bed reduces opportunity for Sulphur capture. 
2. Fines from the bed can escaped away before complete combustion, which is 

increases higher unburnt carbon loss. 
 
Question 3(ii) : What do you understand by un-burnt carbon in ash? How is it 
controlled in modern utility boilers? 
 
Answer : During the combustion process in any furnace after the combustion some 
particle of carbon remain unburnt due to insufficient participation in combustion process 
either it may be due to improper turbulence or it may be shortage of air. Residue particle 
of carbon which is getting into the ash is known as unburnt carbon. 
  
Unburnt carbon can be controlled in modern utility boiler by following methods : 

1. Sufficient excess air in combustion process, but keep in mind that higher excess 
air lead to higher dry flue gas loss. 

2. Maintain fines in the fuel. Higher fines escaped away early from the combustion 
process. 

3. Monitoring & Controlling of Oxygen & CO level in flue gas. 
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Question 3(iii) : What are various sealing systems provided to arrest leakages in 
Rotary Air preheater? 
 
Answer : Sealing systems to arrest leakages in Rotary Air preheater : 

1. Soft Touch Seal: A new concept has been developed to minimize the seal leak. 
As an introduction, this ‘Soft Touch Seal’ is provided for hot end radial seal only. 
This can be extended to axial seal also. Soft touch seal has flexile end that 
cannot escape air from one basket to another basket. That can be reduces the 
percentage of air leak to flue gas. Heat transfer is effectively utilized from flue gas 
to Primary Air and Secondary Air.  

  
 

2. Double Sealing: In double sealing an additional radial and axial seals are 
introduced along with the existing seals. This will reduce the overall leakage y 
1.5% to 2% recently even triple seals have been introduced. Double Sealing is 
adapted in the recent design. For old air pre-heaters, this can be retrofitted. This 
modification will call for the change of all baskets dimensions. 
 

3. New Profiles: A highly efficient element profiles are available to improve the 
thermal performance. With the introduction of new profile, the gas outlet 
temperature can be achieved to 135*C. 
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Question 3(iv) : Write any three factors affecting the performance of ESP? If the 
efficiency of ESP is 99.95% and the inlet dust burden 50gm/Nm3, What will be the 
stack emission? 
 
Answer : Factors affecting the performance of ESP(Electrostatic precipitator) : 
 
A) PROCESS:  

1. Particle Size Distribution : Under the application of electric field coarse 
particles attain higher charge and higher migration velocity. Therefore coarse 
particles will be collected easily as compared to the fines and the efficiency will 
reduce with increase in fineness.  

2. 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.  

3. Dust Resistivity : In ESP the term Resistivity can be defined as the electrical 
resistance of one cubic cm of the kiln dust expressed in units of ohm-cm.  
From experience it is known that the precipitator attain the highest collection 

efficiency at a Resistivity of dust particle between 10
9

 and 10
11

 Ohm – cm. 
Dust particles emitted during different manufacturing process have electric 
Resistivity over a wide range depending on the process and sometimes it can be 

as high as 10
14

 ohm-cm. Following figures shows Resistivity curves for different 
types of dust.  

4. Temperature of Gas : The temperature of gas has profound effect on EP 
performance as it has a direct effect on Resistivity of dust. As the water 
conditioning increases and the gas is cooled more and more, the precipitator 
voltage increases dramatically and the performance improves correspondingly. 

5. Moisture content / Dew point : Below the dew point of flue gas ESP 
performance will be always lower sied. 

Solution : Inlet dust burden =50gm/Nm3=50000milligrams/Nm3 
While Efficiency of ESP is 99.95% 
Outlet dust burden(Stack Emission) =0.05% of Inlet dust burden =50000x0.05/100 
Stack Emission =25 milligrams/Nm3 
 
Question 3(v) : List out the locations at which safety valves are fitted in typical 
200MW boiler? What do you understand by term relieving capacity? 
 
Answer : Three safety valves are fitted in typical 200MW boiler : 
1st at Steam drum LHS(Left hand side). 
2nd at Steam drum RHS(Right hand side). 
3rd one at outlet of final super heater i.e. Just before MSSV(main steam stop Valve). 
 
Relieving Capacity: The proportion of the measured relieving capacity permitted by the 
applicable code or regulation to be used as a basis for the application of a pressure relief 
device. 
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Question 3(vi) How is online cleaning of heating surface achieved in typical 
200MW boiler? What are the various location at which these cleaning is carried 
out? What precautions are to be taken during online cleaning? 
Answer:  
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Question 4(i) : Write short notes any four Boiler tube failure mechanisms 
indicating the symptoms and root causes for failure. 
 
Answer: Typical reason of Boiler failures 
 

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. 
 
Root 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.  
 
Root 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.  
 
Root 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 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. Acid Attack 
Symptoms: Corrosive attack of the internal tube metal surfaces, resulting in an irregular 
pitted or, in extreme cases, a “swiss cheese” appearance of the tube ID. 
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Root Causes: Acid attack most commonly is associated with poor control of process 
during boiler chemical cleanings and/or inadequate post-cleaning passivation of residual 
acid. 
 
Question 4(ii): What do you understand by classification in BOWL mill and why is 
it important for combustion? With a neat sketch explain how classification and 
distribution is achieved in Bowl mill. 
 
Answer: For detailed please refer Soft copy of IBCS as [Power Point presentation]. 
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Question 4(iii)  : Write the typical operation line up procedure (important 
checks/steps involved) for a utility boiler to be lighted up after annual overhaul, 
indicating amongst other things various vents/ drain to be closed/opened. 
 
Answer:  
Typical operation line up procedure of boiler for cold start-up: While line up 
procedure may vary as per the type of boiler. We herewith describe some standard 
common working line up procedure which is applicable for all type of water tube boiler. 
Manufacturer recommendation is much more important in line up of any boiler. Hence 
please take care during any clod start-up of any boiler. 

1. All work permit has to be cleared. 

2. All man hole doors has to be closed. 

3. All drives ID, FD, PA fans, drag chains, pocket feeders/pulverizes are in proper 

running condition. 

4. All pneumatic dampers are in proper working condition. 

5. All interlock & protections are in line. 

6. All ash handling system has to be ready for operation. 

7. Ensure ESP has to be ready for operation. 

8. Check availability of DM water and boiler feed pumps are to be ready. 

9. Maintain drum level about 50%. 

10. Drum vent, super heater vent, startup vent and all super heater line drain should 

be kept open condition. 

11. Evaporator, Economizer  & Ring header drain has to be close. 

12. CBD ,EBD & IBD valve has to be closed. 

13. Gauge glass has to be in service condition. 

14. All control & Instrumentation equipment are to be in working condition. 

15. Light up burner has has to be ready for operation. 

 
Question 4(iv) : Give a block diagram indicating the various equipment involved in 
the production of DM water.  Write the function of the following : Clarifloculator, 
Mixed bed exchanger, Degasser. 
 
Answer:  Functions of Clarifloculator, Mixed bed exchanger & Degasser : 
 
Clariflocculator : Clarifloculator is a combination of flocculation and clarification in as 
single tank. It has two concentric tank where inner tank serves as a flocculation basin 
and the outlet tank serves as a clarifier. 
In the clarifloculator , the water enters the flocculator , where the flocculation paddles 
enhance flocculation of the feed solids. As heavy particles settle to the bottom, the liquid 
flows rapidly upward in the clarifier zone. The clarified liquid is discharged over a 
peripheral weir into the peripheral launder. The deposited sludge is raked to the bottom 
near the central weir from where it is routed to the sludge chamber and discharged. 
 
Mixed bed exchanger :Mixed bed exchanger are used on downstream of the DM Plant 
unit to achieve high purity level in treated water. Mixed bed unit comprise of a single 
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vessel with a mixture of cation and anion resins and offered with complete service and 
regeneration piping, self supportive skid foundation and chemical tank for regeneration.  
 
Degasser : Degasser unit is a integrated part of  DM Plant unit. Degasser unit is 
installed at downstream of cation unit to remove carbon di-oxide ,their by reducing the 
load on Anion unit. This reducing a cost saving by reducing the chemical consumption.  
Degasser unit required to mounted additional pump and blower to remove CO2 gasses 
from water.  
 
Block diagram of DM Plant Unit : 

 
 
Question 4(v) : With a neat sketch/line diagram/block diagram explain the principle 
/ functioning of FBC Boiler. 
 
Answer : FBC Boiler : When an evenly distributed air or gas is passed upward through 
a finely divided bed of solid particles such as sand supported on a fine mesh, the 
particles are undisturbed at low velocity. As air velocity is gradually increased, a stage is 
reached when the individual particles are suspended in the air stream. Further, increase 
in velocity gives rise to bubble formation, vigorous turbulence and rapid mixing and the 
bed is said to be fluidized. If the sand in a fluidized state is heated to the ignition 
temperature of the coal and the coal is injected continuously in to the bed, the coal will 
burn rapidly, and the bed attains a uniform temperature due to effective mixing. Proper 
air distribution is vital for maintaining uniform fluidization across the bed. Ash is disposed 
by dry and wet ash disposal systems.  
Fluidized bed combustion has significant advantages over conventional firing systems 
and offers multiple benefits namely fuel flexibility, reduced emission of noxious pollutants 
such as SOx and NOx, compact boiler design and higher combustion efficiency.  
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General arrangements of FBC Boiler : 
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