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Answer :  1D 2C 3C 4C 5B 6A 7B 8D 9B 10D
 11C 12B 13A 14C 15B 16C 17B 18C 19D 20A 21A
 22C 23(Not available) 24B  25C 26A 27B 28C 29C 30D  
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Q.2 : Write the difference between following. 
(i) Steam soot blowers and Acoustic soot blowers. 
(ii) Integral economizer and non Integral economizer. 
(iii) Super critical boilers & Subcritical boilers. 
(iv) Natural circulation and Forced circulation. 
(v) Single element and three element drum level control. 
 
Answer : 

(i) Comparison table of Steam soot blowers and Acoustic/Sonic soot blowers : 
 

Parameters Steam soot blowers Sonic soot blowers 

1. Reliability More reliable Less reliable 

2. Maintenance Less maintenance Required frequent maintenance 

3. Space Required very less space More space 

4. Constructions Very simple Complicated 

5. Investment Less investment & high payback Higher investment & less payback 

6. Operation Simple in operation Required more skill-ness in operation 

 
(ii) Difference in Integral economizer and non Integral economizer : 

Integral economizer is an integral part of once through boiler in modern super critical 

thermal power plant, whereas Non integral economizer is conventional economizer used 

in sub critical boiler. 

(iii) Comparison table of Super critical boilers & Subcritical boilers : 

DESCRIPTION SUPERCRITICAL 
BOILER (660MW) 

SUB-CRITICAL (500MW) 

Circulation Ratio 1 Once-thru=1 Assisted Circulation=3-4 

Natural circulation= 7-8 

Latent Heat Addition Nil Heat addition more 

Sp. Enthalpy Low More 

Sp. Coal consumption Low High 

Air flow, Dry flu gas loss Low High 

Aux. Power Consumption Low More 

 Overall Efficiency High (40-42%) Low (36-37%) 

Total heating surface area 
Required 

Low (84439m2) High (71582m2) 

Start-up Time Less More 

Blow down loss Nil More 

Water Consumption Less More 
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(iv) Natural circulation and Forced circulation : 

 

(v) Single element and three elements drum level control : 
Single-element control=> 
This uses a single control loop that provides regulation of feed water flow in response to  
hanges in the drum water level from its set point. The measured drum level is compared 
to its set point, and any error produces a signal that moves the feed water control valve 
in proper response. Single-element control will maintain a constant drum level for slow 
changes in load, steam pressure, or feed water pressure. However, because the control 
signal satisfies the requirements of drum level only, wider drum-level variation results. 
Three-element control=> 
This uses a predetermined ratio of feed water flow input to steam flow output to provide 
regulation of feed water flow in direct response to boiler load. The three-element control 
regulates the ratio of feed water flow input to steam flow output by establishing the set 
point for the drum-level controller. Any change in the ratio is used to modify the drum-
level set point in the level controller, which regulates feed water flow in direct response 
to boiler load. This is the most widely used feed water-control system. 
 
 
Q.3a : List in detail various reason for the failure of boiler water wall, super-heater 
and re-heater tubes. How is non destructing testing equipment being used in 
boiler inspection to locate potential areas of failure? 
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Answer :  
Reason for the failure of boiler water wall, super-heater & re-heater tubes : 
A. STRESS RUPTURE  
1. Short term overheating 
2. High temperature creep  
3. Dissimilar metal weld /stress rupture  
 

 
 

B. WATER SIDE CORROSION 
1. Caustic Corrosion  
2. Hydrogen damage  
3. Surface pitting /Localized corrosion  
4. Stress corrosion cracking  
 
C. FIRE SIDE CORROSION 
1. Low temperature corrosion due to “DUE POINT” (sulpher presence in fuel)  
2. Water wall corrosion  
3. Coal ash effect  
4. Oil ash effect  
 
D. ERROSION 
 1. Fly ash  
2. Fouling/slagging  
3. Soot blowing  
4. Coal particle impingement  
5. Flame impingement  
 

 
 

E. FATIGUE  
1. Thermal , 2. Vibration, 3. Corrosion  
 

 
 

F. LACK OF QUALITY CONTROL  
1. Maintenance tube cleaning damage  
2. Short blasting/ hydro jet cleaning/weld  
3. Position grinding/ pressure part gas cutting  
4. Chemical excursion damage  
5. Material defect  
6. Welding defect  

 
 

 
NDT (Non destructing test) of Boilers: 
The Residual life assessment through condition assessment followed by Non-destructive 
test consists of:  

1. Interviewing of the operation and maintenance personnel of the plant,  
2. Reviewing relevant design, operation, maintenance, outage, history and failure 

analysis and records available for the boiler components  
3. Quantitative condition assessment and identification of critical component 

inspection are carried out on the base of history.  
4. Inspection plan which include non-destructive evaluation procedure will be made 

on the basis of high and low temperature components.  
5. The health assessment of various components is carried out using appropriate 

field testing like visual examination, dimensional measurement, in-situ 
metallography, hardness measurement, dye penetrant test, ultrasonic and 
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magnetic particle test, video images copy, oxide scale measurement, hydrogen 
embritlement and any other specified tests.  

Assessment of creep damage and other mechanical test will be done on post service 
samples of super heater tubes. The samples from various sections will be collected for  
various tests at laboratory including mechanical test. Findings requiring immediate 
attention of plant authorities to facilitate taking action are given at site itself for the repair. 
All the results are summarized to find the remaining life of the components. The study 
provides the information to take the decisions like repair/replace/run for further safe 
usefulness of the pressure part components of the boiler.  
 
Q.3b : One thermal power plant generates 3.0 million units per day. Specific coal 
consumption is 0.5kg/kwh. The coal contains 30% ash. 80% of total ash is 
collected in ash hoppers of ESP of the boiler. Calculate following 
(i) What will be the coal consumption in tons per day? 
(ii) How much tons of ash will be collected in ESP hoppers per day? 
 
Solution : 
Total Unit Generation =3.0Mkwh/Day =3000000Kwh/Day 
Specific Coal Consumption =0.5Kg/Kwh 
Ash =30% 
Ash collected in ESP hopper = 80% 
Coal consumption  (Ton/Day)= Unit Gen .(Kwh/Day) X Specific Coal 
cons.(Kg/Kwh)/1000 
             = 3000000x0.5/1000 
             = 1500 Ton/day 
Ash Collected in ESP hopper (Ton/Day) = Coal cons.(Ton/Day) X Ash%in Coal  X Ash 
%in ESP 
                 = 1500 X0.30 X0.80 
                 = 360 Ton/day 
 
Q.4a : One HRT boiler is 6 ft. in diameter and 16 ft. long. It contains 70 tubes of 3’’ 
outside diameter and 2.732’’ inside diameter. Find boiler heating surface. Take 
inner surface of tubes ,half of shell surface and two third of tube plate area, less 
the area of the tube holes. 
 
Solution : 
Heating surface of Tubes = 3.1416 X ID of tubes X length of tubes X no. of tubes 
     = 3.1416 X 2.732 X 16 X 70/12 
     = 801.07 Ft2 
Heating surface of Shell = ½ X 3.1416 X Dia. X Length 
    = ½ X 3.1416 X 6 X 16 
    = 150.80 Ft2 
Heating surface of Tube plate= 2/3 [(3.1416 X Shell Dia.^2/4)-70(3.1416 X Tube 
Dia.^2/4)] 
             = 2/3[(3.1416 X 6^2/4)-70(3.1416 X (3/12)^2/4))] 
             =16.56 Ft2 
Total Heating Surface= 801.07 + 150.80 + 16.56 
             = 968.43 Ft2 
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Q.4b : What is furnace explosion? Explain in detail conditions cause furnace 
explosion?. 
 
Answer : 
Furnace Explosion : Numerous conditions can arise in connection with the operation of 
a boiler that produces explosive conditions.  
The most common causes of furnace explosion is as follows. 
a) An interruption of the fuel or air supply or ignition energy to the burners, sufficient to 
result in momentary loss of flames, followed by restoration and delay re-ignition of an 
accumulation. 
b) Fuel leakage in to an idle furnace and the ignition of the accumulation by a spare or 
other source of ignition. 
c) Repeated unsuccessful attempts to light off without appropriate purging, resulting in 
the accumulation of an explosive mixture. 
d) The accumulation of an explosive mixture of fuel and air as a result of flame is at one 
or more burners in the presence of other burners, operating normally or during lighting of 
additional burners. 
e) The accumulation of an explosive mixture of fuel and air as a result of a complete 
furnace flame out and the ignition of the accumulation by a spark or other ignition 
source, such as could occur where attempting to light a burner(s). 
f) Purging with an airflow that is too high, which stirs up combustibles smoldering in 
hoppers. 
 
Q.5a : What is blow down of safety valve and how is it regulated? How do you take 
steam test in boiler, brief? 
 
Answer : 
Blow down of safety valve: 

 
Boiler steam test in Boiler :--  
A newly registered boiler to issue renewal certificate steam test to be done in presence 
of boiler inspector. At the time of test safety valve shall be left free and capable of being 
adjusted to approval of working pressure. After the adjustment of valve to be corrected 
blowing pressure the boiler shall be trial at full steam and firing with the feed water  
shutoff and the stop valve shall be closed, during which time the inspector shall be note 
the accumulation of pressure and other details of the test as well as loading and 
adjustment of safety valve. All the safety valve blow down to be about 5% of working 
pressure.  
 
A steam test is primarily intended for the purpose of ascertaining of actual test whether 
the safety valve are sufficient to reliever boilers effectively of excess steam and whether 
they operate at the time when maximum working pressure is reached. Inspector should 
always send to owner due notice of the date fixed for the steam test. 
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Q.5b : Calculate the increase in volume enclosed by a boiler shell 2.4mtrs long 
and 1.0mtrs in diameter, when it is subjected to an internal pressure of 16kg/cm2. 
The wall thickness is such that the maximum tensile stress in the shell is 
215kg/cm2., under this pressure. Take E(modulus of elasticity)= 2.0x106 kg/cm2 
and poisson’s ratio=0.28. 
 
Solution : 
Initial Volume V= 3.1416 X 0.5^2 X 2.4 = 1.88M3 
Max. Permissible stress = pd/2t 
                       215 = 16X100/2t 
               T= 3.72 Cm 
dV/V  =  pd(5-4m)/4tE 
            =    16x100(5-4x0.28)/4x3.72x2000000 
            =   .00021 
Change in volume dV  = .00021 X1.88 
              =.00039M3 
 
Q.6 : Determine the maximum working pressure of shell having following 
specification : Shell ID-2000mm, Material-SA 515 Gr. 70, Allowable stress at metal 
working temperature 20000psi, thickness-12mm, weld efficiency-1. 
Use the formula : WP=2f E(T-0.03)/14.22(D+T-0.03 
Where 
T : thickness in inches 
D : Maximum internal diameter in inches 
WP is working pressure in kg/cm2 
f: maximum permissible working stress in lbs/sq.inch at working metal. 
E : Efficiency of longitudinal seam less shell 
Also indicate safety valve set pressure, hydro test pressure as per regulation at 
site and what will be effect on maximum working pressure if working metal 
temperature increases? 
 
Solution : 
D =2000mm=78.74inch 
Allowable stress f=20000PSI 
Thickness T =12mm=0.47inch 
Weld eff. E = 1.0 
WP = 2fE (T-0.03)/14.22(D+T-0.03) 
       = 2x20000x1(0.47-0.03)/14.22(78.74+0.47-0.03) 
       = 15.63 Kg/Cm2 
 
SAFETY VALVE SET PRESSURE AS PER IBR=1.10XWP=1.10X15.63 
=17.19KG/CM2=17.50KG/CM2 
HYDRAULIC TEST PRESSURE=1.5XWP=1.5X15.63 =23.44KG/CM2=23.50KG/CM2 
IF WORKING METAL TEMPERATURE INCREASED THEN WORKING PRESSURE 
WILL DECREASED. 
 

OR 
Q. 6a : One water tube boiler (with steam drum) is having working pressure 
45kg/cm2, water wall tube having 50.8mm OD, permissible stress 11.25 kg/cm2. 
Find thickness of water wall tube. 
Find permissible metal temperature of water wall tube in *F. 
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Use formula  WP=2f(T-C)/(D-T+C), 
Where 
WP= working pressure of boiler in kg/cm2 
T=minimum thickness of tubes in mm, 
f=permissible stress for the material at working metal temperature in kg/cm2, 
D=external diameter of the tube in mm 
C=0.75 mm for working pressure up to 70kg/cm2 
For furnace and boiler tubes, permissible metal temperature is saturation 
temperature corresponding to the working pressure +50*F. 
 
 Solution : 
Permissible pressure f= 11.25Kg/mm2 = 1125Kg/cm2 
C=0.75mm 
D=50.8mm 
WP= 45 kg/cm2 
WP= 2f(T-C)/(D-T+C) 
45 = 2x1125(T-0.75)/(50.8-T+0.75) 
        = 2295T=4007.25 
       T= 1.74mm 
Permissible metal temp. =saturation temp corresponding @ 45Kg/cm2+ 50*F 

   =500*F+50*F 
=550*F 

 
Q. 6b: Describe the safety protection system of high pressure boilers. 
 
Answer : Boiler Protection:- Usually following basic protection has been given in high 
pressure boiler for safety of boiler. 

1. Tripping of both FD fans. 
2. Tripping of both ID fans 
3. Furnace pressure high 
4. Furnace pressure low  
5. When turbine trips  
6. When generator trips  
7. Drum level high 
8. Drum level low  
9. Air flow is les than 30%  
10. Total flame failure  
11. Less of 220 VDC supply of FSSS  
12. Both PBS on FSSS pressed 

Safety controls : Generally are those that limit energy input and thus shut down the 
equipment when unsafe conditions develop. They are : 
(1) Pressure-limit or Temperature-limit Switches, 
(2) Low-water Fuel Cutoffs, 
(3) Flame-failure Safety Supervisory Systems (FSSS), 
(4) Automatic Ignition Controls, 
(5) Oil and Gas Fuel Shutoff Valve Controls, 
(6) Air and Fuel Pressure Interlock Controls, 
(7) Feed Water Regulating Controls and 
(8) Safety Valves (or Relief Valves) are the most important safety device. While not 
considered a control in the usual sense, it is the last measure against a serious 
explosion. 

http://mithileshkhudawal.wix.com/boeindia


IBCS (Indian BOE Coaching Services)  

GUJRAT BOE-2014 Paper-1 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” 

The Safety Controls guard against the following: 
(a) Overpressure leading to explosions from the waterside or steam side, 
(b) Overheating of metal parts, possibly also leading to explosion in a fired boiler 
(mainly due to low water or poor circulation) and 
(c) Fireside explosions (furnace explosions) due to uncontrolled combustible mixtures 
on the firing side. 
 
Q.7: A boiler consumes 224 tons of coal to produce 1864 tons of steam per day. 
The steam is dry saturated at 90 ata. Calculate the boiler thermal efficiency and 
equivalent evaporation per ton of coal, if the calorific value of coal is 22649 Kj/kg 
and enthalpy of feed water being 425.036 kj/kg of water. 
  
Solution : 
Enthalpy of steam @ 90 bar dry sat.= 2724.57KJ/KG 
Enthalpy of feed water = 425.036 KJ/KG 
Mass of Steam  = 1864 Ton/Day 
Coal Cons. = 224 Ton/Day 
Thermal Eff. = Mass of steam x (Enthalpy of steam-Enthalpy of feed)/(Coal Cons. X 
Calorific Value) 
          = 1864(2724.57-425.036)/224x22649 
           =84.46% 
Eqivalent Evaporation= Mass of steam (Enthalpy of steam-Enthalpy of feed)/(Coal 
Cons.x2257) 
   =1864(2724.57-425.036)/224x2257 
   =8.47 Ton of steam/Ton of coal 

 
OR 

Q.7 : Find higher and lower calorific value of fuel oil, If   
Specific gravity of fuel oil     : 0.84  
Mass of water in calorimeter     : 2.5 kg 
Water equivalent of calorimeter    : 550gm 
Mass of sample of fuel oil     : 1.2gm 
Temperature of water in calorimeter before combustion : 19.5*C 
Temperature of water in calorimeter after combustion : 23.72*C 
Specific heat of water     : 4.187 Kj/Kg*K 
Enthalpy of evaporation of steam at atmospheric pressure: 2275KJ/Kg 
 
Solution : 
Mw = 2.5Kg ,Mf = 1.2/1000=.0012kg ,Me= 0.550Kg 
dT= (t2-t1 ) = 23.72-19.5 = 4.22degC 
Cw=4.187 KJ/KGK 
Enthalpy of evaporation =2275KJ/KG 
HCV=(Mw+Me) xCw (t2-t1)/Mf 
         =(2.5+0.550)x4.187 x 4.22/.0012 
         =44909KJ/KG 
Suppose Fuel Oil contain 12 % H2 
LCV=HCV-(9H2x2275) 
 = 44909-(9x0.12x2275) 
 = 42452KJ/KG 
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