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Answer : 1.(d),  2.(c),  3.(c),  4.(b),  5.(b),  6.(a),  7.(c),  8.(b),  9.(b), 10.(d). 

 

 
Answer :   
1. Pa+Pb     
2. Equal    
3. Drum level     
4. Increases 
5. Excessive SO2 in flue gas & Flue gas temperature bellow dew point.   
6. Slip velocity     
7. Flow and Head(Pressure)   
8. 44Kg 
9. Hardness    
10. Total enthalpy h=hf+x.hfg=150+0.9x500=600Kcal/kg 
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Answer : 1.(False), 2.(False), 3.(True), 4.(False), 5.(True), 6.(False), 7.(False),  
8.(True),  9.(True),  10.(True). 
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Answer D/1 : Three T’s of combustion : Homogeneous mixture of carbon and oxygen 
content is important. To ensure good combustion is controlling the "three T's" of 
combustion which are  
(1) Temperature, high enough to ignite and maintain ignition of the fuel,  
(2) Turbulence or intimate mixing of the fuel and oxygen, and  
(3) Time, sufficient for complete combustion. 
 
Answer D/2 :Three probable reason by virtue of which sudden drum level swelling may 
occurred : 

1. Load suddenly increases. 
2. Failure of feed control valve. 
3. Startup vent suddenly operated. 

 
Solution D/3 : Calculation of fuel flow rate : 
Given that, 
Steam generated by a boiler Ms= 100tones/hour=100000kg/hr. 
Efficiency of boiler  n=80% 
Enthalpy added to steam h=800Kcal/kg 
GCV of fuel   Fcv=4000 Kcal/kg 
Fuel flow rate =[MsXh]x100/[nXFcv] 
  =[100000x800]/[0.80x4000] 
  =80000000/3200 

=25000 Kg/hr =25 Tones/hr. 
 
Answer D/4 : Following action has to be taken, If furnace draught is in increasing trend : 

1. Increase ID fan speed to maintain desired furnace pressure. 
2. If possible reduce FD fan speed as far looking the Oxygen % in Flue gas. 
3. If still pressure not maintaining ensure the healthiness of furnace pressure 

transmitter. 
4. If pressure is still raising take shutdown of boiler for checking of actual cause of 

pressure raising trend. 
 
Solution D/5 : Calculate maximum permissible test pressure of boiler as per IBR : 
Stress to be considered  =380Kg/mm2=38000Kg/cm2 

W. P.(Working pressure) = 
2 f (T - C) 

(D - T + C) 

T = minimum thickness of tubes, that is =4mm 

or C = 0 for working pressure exceeding 70 kg/cm²  
D = External diameter of tube in mm =40mm 

F = permissible stress at the working metal temp in kg/cm² =1.5(as standard) 

WP=2x1.5(4-0)/[40-4+0]=12/36=0.3333Kg/mm2=33.33Kg/cm2 

Maximum permissible test pressure of boiler as per IBR=WPx1.5=33.33x1.5=50Kg/cm2. 
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Answer D/6 : Three main advantages of FBC Boiler over conventional firing boiler : 
1. Higher thermal efficiency. 
2. Higher size of capacity. 
3. Less soot deposition due to higher flue gas velocity. 

 
Solution D/7 : % Excess air supplied to Boiler : 
Given that, Oxygen measured in flue gas=7% 
Excess air%  ={(O2%x100)/(21-O2%)}  

=(7x100)/(21-7) =50% 
 
Solution D/8 : Determine coal required per hour : 
Given that, 
Steam power station capacity  =100MW 
Calorific value of coal used  =6400Kcal/kg 
Thermal efficiency   =30% 
Electrical generation efficiency =92% 
Plant capacity factor   =80% 
Power Plant overall cycle efficiency =Thermal efficiency x Electrical gen efficiency 
     =0.30x0.92=0.276=27.6% 
Power generation per hour =Installed capacity x Capacity factor 
    =100x0.80=80 MWH/Hr 

=80000 Kwh/hr=80000x860Kcals/hr      [1Kwh=860Kcals} 
=68800000Kcals/hr. 

Input heat to power station =68800000/0.276=249275362.32 Kcal/hr 
Coal required per hour =249275362.32/6400=38949.28 Kg/hr 
    =38.95Tones/hr. 
 
Answer D/9 : Find power of centrifugal pump by increasing speed : P2=??? 
Given that,  N1=1500 rpm, P1=1000W, N2=3000rpm  
As per pump affinity law,  P1/P2=(N1/N2)3 

P2=P1xN23/N13 
P2=1000x(3000)3/(1500)3 
P2=1000x8 =8000W 

 
Answer D/10 : Natural & Forced Circulation of Boilers : 
 
Natural circulation : In a natural circulation boiler the circulation is achieve by the 
difference in the density when the water in boiler is heated. In natural circulation the 
steam boiler the circulation of water is by connection current. Which are set up during 
the heating of water. In most of the boiler there is natural circulation of water the 
fundamental principal of which is based on the principal of thermos-siphon. Advantages 
of Natural circulation is that no additional power required to establish water circulation 
flow in evaporator, but limited is that it is limited up to a certain capacity of boiler. 
 
Forced circulation : In this extra pump is required to increase the circulation rate as 
compared to that of natural circulation. Advantage of forced circulation is that boiler size 
can be increased to ensure higher capacity/heating surface area of boiler. 
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Question E/1 : State the fundamental difference between Colloidal and Reactive 
silica. Mention two most common process of removal reducing the colloidal silica 
from Boiler feed water. 
 
Answer :  
Fundamental difference between Colloidal and Reactive silica : The "Total Silica" 
content of a water is composed of "Reactive Silica" and "Unreactive Silica(Colloidal 
Silica)".  
Reactive silica (e.g. silicates SiO4 ) is dissolved silica that is slightly ionized and has not 
been polymerized into a long chain. Reactive silica is the form that RO and ion exchange 
chemists hope for. Reactive silica is the form of silica to be used in RO projection 
programs. Reactive silica, though it has anionic characteristics, is not counted as an 
anion in terms of balancing a water analysis but it is counted as a part of total TDS.  
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Process of removal reducing the colloidal silica from Boiler feed water :  
1. Coagulation/Flocculation method :  

 
2. Ultrafiltration method : 
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Question E/2 : The steam condensed in a surface condenser is 12500kg/hr and the 
amount of air leakage is 5kg/hr. The vacuum near the suction pump is 70cm of Hg 
and temperature is 34*c. The air and condensate is removed by wet air pump, 

a) Find the capacity of wet air pump if the volumetric efficiency of the pump is 
80%. 

b) If the air-pumps runs at 100rpm, find the dimension of the pump required. 
Assume diameter is 1.5 times of its length. 

Take ,  
Barometric pressure= 76cm of Hg. 
Pressure of steam corresponding to 34*c saturation temperature=0.0542 kg/cm2. 
Gas constant ( R ) =29.27kgf-m/kg-*K and 
Density of Hg is 13.6 gm/cm3. 
  
Solution : 

(a) Absolute pressure in Condenser = (760 – 700)/750 = 0.08 bar 
At 34*C, the partial pressure of vapour = 0.05318 bar 
Hence partial pressure of air P= 0.08 – 0.05318 = 0.027 bar 
1 kg of air occupies 0.7734 m3 at NTP (0*C and 1.0133 bar) 
Volume of air at this condition as PV=nRT   or V=nRT/P 
= 5 x {(0.7734 x 1.0133) / 273} x {(34 + 273) / 0.027} 
=5x[0.00287x(307/0.027)]=5x32.63 
= 163.15 m3 per hour 
At 0.08 bar pressure of condensate corresponding specific volume is 0.001008m3/kg 
Hence Volume of condensate  = mass of condensate x specific volume 

=12500 x 0.001008 = 12.6 m3/hr 
Wet air to be handled by the pump = 163.15 + 12.6= 175.75 m3 per hour 
Volumetric capacity of the pump required =Volume of wet air/Volumetric efficiency 
= 175.75/ 0.80 = 219.69 m3/ hour 

(b) Volume handled , m3/hr =(π/4)xD2xLxNx60 
219.69=(3.14/4)x1.5Lx1.5LxLx100x60 
219.69=0.785x2.25L3x6000 
L3=219.69/10597.5=0.0207 
L=3√0.0207=0.27m=27cm 
D=1.5L=1.5x27=40.5cm 

Mass of water vapour going with air=V/Vgasat30*C=219.69/26.601=8.26kg/hr 
Bore(D)=40.5cm, Stroke(L)=27cm & Mass of water vapour extracted with 
air=8.26kg/hr 
 
Question E/3 : Write five practical power plant scenarios of Boiler tube failure 
stating the root causes of failure against each scenario. 
Answer : Typical reason of Boiler tubes failure : 

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. 
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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. 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. 

4. 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. 

5. 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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Question E/4 : Write five safety interlocks mostly used in a utility boiler. State one 
probable consequence against each of these interlocks if fails. 
 
Answer : Operating Limits & Interlocks 
1. High Limit Control : This pressure (or temperature limiting control) is set above the 
operating limit control and, in the event the pressure (or temperature) in the boiler rises 
above the normal operating limit, the control reenergizes the limit circuit to shut down 
burner operation. The control is equipped with a manual reset feature that has to be 
reset before the burner can be restarted. Any time that one or more of the safety or high 
limit controls is actuated to shut down the burner, it must be determined why the fault 
occurred, before an attempt is made to restart the burner. 
2. Operating Limit Control : On a rise of boiler pressure (or temperature) above the 
desired operating pressure (or temperature) setting, the control deenergizes the limit 
circuit to shut down burner operation. It is adjusted to make and break the circuit at 
preselected points. With a drop in pressure (or temperature), the control will make the 
limit circuit and start the burner through an automatic restart cycle. 

3. Modulating Control : The control causes the modulating motor to change the 
firing rate to meet the demands of a varying load, on full modulation burners. 

4. Atomizing Media Pressure Switch :  When an oil burner uses air or steam to 
atomize the oil, means must be taken to assure the atomizing medium is present 
at the required pressure. In the event of low atomizing air or steam pressure, the 
control will open a circuit and shut down the burner. 

5. Low Fire Hold Control : The purpose of the control is to limit the burner to low 
fire position until the pressure (or temperature) in the boiler is high enough that 
the boiler has had sufficient time to warm up. After the burner has operated in the 
low fire position long enough to allow the boiler to warm up, the control will close 
and release the burner firing rate control to the modulating control. 

6. Low Water Cutoff : The control is generally a float operated or probe operated 
control that is set to deenergize the burner limit circuit and shut down the burner 
upon detecting a low water condition in the boiler. 

On a low pressure steam boiler, the Low Water Cut Off is positioned to allow 0 to 1/4" of 
water above the upper most tubes in a firetube when the gauge glass shows the Low 
Water Cut Off point. On a high pressure unit, there must be a minimum of 3" of water 
above the upper-most tubes with zero in the gauge glass. 
The float type of control actuates a switch, or several switches, to perform one or more 
functions. The first function of the low water cutoff is to deenergize the burner limit circuit 
and shut down the burner, if the water level in the boiler drops below the safe operating 
level. Another function of the control is to sound the low water alarm at the same time 
the burner is shut down. A pump on-off control can start and stop the boiler feed pump to 
maintain water at safe operating level in boiler.  
 
Question E/5 : If maximum permissible limit of TDS as in a boiler is 2000ppm. 
Make up water percentage is 10%, TDS in feed water is 200ppm, and evaporation 
rate is 100T/hr, then the Blow down %age and quantity of blow-down required. 
Solution : 
% Blow down =TDS of FW X%DM water MU/(Max permissible TDS limit of Boiler water)  
=(200X10)/2000 = 2000/2000 =1.0%  
Blow down rate = Blowdown %ageX(Evaporation rate of Boiler)  
=0.01X100 =1.0Tones/hr. 
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Question E/6 : The steam at 100kg/cm2 and 500*C is supplied to a steam turbine 
working on reheat cycle. The steam is first expands to 20kg/cm2, and then the 
steam is withdrawn from the turbine and reheated to 380*C in the re-heater. The 
reheated steam further expands to condenser pressure of 0.05 kg/cm2. The 
pressure loss in the re-heater and piping is 1kg/cm2 and the isentropic efficiency 
of the expansion is 80%. Assuming the transmission efficiency of from turbine to 
generator 98% and generator efficiency of 95%, find the quantity of steam 
circulated per hour through the system if the generator output is 60MW. Neglect 
the pump work and other losses. 
Solution :  

 
The expansion and reheating processes are shown as specific Enthalpy(Kcal/kg) Vs 
Specific entropy(Kcal/kg*C) Chart as mention in above figure. 
From above chart  
HA=808kcal/kg  H’B=701kcal/kg HC=767kcal/kg H’D=532.5kcal/kg 
Considering the expansion from AB 
[HA- HB]/[HA-H’B]= Isentropic Efficiency of the expansion 
[808- HB]/[808-701]= 0.80 
HB= 722.4kcal/kg 
Considering the expansion from CD 
[HC- HD]/[HC-H’D]= Isentropic Efficiency of the expansion 
[767- HD]/[767-532.5]= 0.80 
HD= 579.4kcal/kg 
Work done per cycle=[HA- HB]+[HC-HD]=[808-722.4]+[767-579.4] 

=85.6+187.6=273.2kcal/kg of steam 
Suppose the mass flow rate of steam is M kg/sec 
M(273.2)x(0.98)x(0.95)=(60x1000)x0.2388   [1KW=0.2388kcal/sec] 
M=14328/254.35=56.33Kg/sec=202.8tones/hr. 
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