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Answer : 1.(c) 2.(b)  3.(b) 4.(b) 5.(c) 6.(b) 7.(c) 8.(b) 9.(a) & 10.(b) 
 
Solution of 9th objective question :  
The height of water =height of mercury x density of mercury 
   =3.75cmx13.6=51cm 
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Question 2 : Define the following 
(i) “Boiler” as per IBR Act amended in 2007. 
(ii) “Steam line” as per IBR Act amended in 2007. 
(iii)  “Accident” as per IBR Act amended in 2007. 
(iv)  “Boiler Component” as per IBR Act amended in 2007. 
(v) “Super heater” as per IBR Act amended in 2007. 
(vi)  Hooke’s law. 
(vii) Diamond riveted Joint. 
(viii) Equivalent Evaporation. 

 
Answer :  

(i) Definition of “Boiler” as per IBR Act amended in 2007 :-- 

 
 

(ii) Definition of “Steam line” as per IBR Act amended in 2007 :-- 

 
 

(iii)  Definition of “Accident” as per IBR Act amended in 2007 :-- 

 
 
(iv) Definition of “Boiler Component” as per IBR Act amended in 2007 :--- 
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(v) Definition of “Super heater” as per IBR Act amended in 2007 :-- 

 
 
(vi) Hooke’s Law  :  When material is loaded within elastic limit stress produced is 

directly proportional  to  Strain. i.e. E = σ/e 
 

(vii) Diamond riveted Joint : This is one kind of butt joint made either with a 
single or double strap. As the name implies, the rivets in this joint are 
arranged in a diamond shape. Below mention figure shows a double strap 
diamond butt joint. The joint is generally used to connect tie bars in bridge 
structures and roof trusses. 

 

(viii) Equivalent Evaporation : The amount of water evaporated from and at 
100*C to produce dry saturated steam at 100*C by absorbing the same 
amount of heat as used in the boiler under actual operating conditions. 
 

Meq=Mactx(H-Hwt)/539   Kg/hr 

Where,  
Meq =Equivalent evaporation. 
Mact =Actual mass of steam generated per unit mass of fuel burnt. 
H  =Total specific enthalpy of steam under operating conditions 
Kcals/kg. 
Hwt =Specific enthalpy of feed water kcal/kg. 
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Question 3 : Write short notes on 
(i) Safety Valve. 
(ii) Failure of Riveted Joint. 
(iii)  Assumptions made while designing a riveted joint for structural use. 
(iv) Direct method for Boiler Efficiency. 
(v) Phosphate control in Boiler water chemistry. 

 
Answer :  
(i)Safety Valve : Safety Valve is a mounting, which protects a boiler or any pressure 
vessel against over pressure. A pressure vessel is always designed to withstand a safe 
working pressure at a particular temperature and it is supposed to work within the safe 
limits of pressure and temperature. Safety against over pressure is very essential due to 
the fact that the pressure vessel may burst causing extensive damages, if the safe 
working pressure limit is exceeded. Therefore, if the working pressure exceeds limit at 
any time, the pressure is to be instantaneously released and the vessel has to be 
brought back within the safe level of pressure limits. Safety Valve is the safety device for 
any pressure vessel and is an essential and important mounting for a boiler. IBR 
stipulates stringent conditions for periodic inspection and testing of safety valves. Every 
year before renewal of boiler license, it is mandatory to conduct steam test for a boiler by 
successfully demonstrating the working of the Safety Valves. 
 
(ii) Failure of Riveted Joint :  A riveted joint may fail in several ways but the failure 
occurs as soon as failure takes place in any one mode. Following are the modes of 
failures in any riveted joint. 

1. Tearing of Plate at the Section Weakened by Holes. 

2. Shearing of Rivet. 

3. Crushing of Plate and Rivet. 

4. Shearing of Plate Margin near the Rivet Hole. 

 

(iii) Assumptions made while designing a riveted joint for structural use :  

To ensure the desired strength following assumption has to be made while designing a 

riveted joint for structural use : 

(a) The tensile load is equally distributed over pitch lengths.  

(b) The load is equally distributed over all rivets.  

(c) The bending of rivets does not occur.  

(d) The rivet holes do not produce stress concentration. The plate at the hole is not 

weakened due to increase in diameter of the rivet during second head formation.  

(e) The crushing pressure is uniformly distributed over the projected area of the rivet.  

(f) Friction between contacting surfaces of plates is neglected. 
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(iv) Direct method for Boiler Efficiency : 
 

 
 

 

 
 

(v) Phosphate control in Boiler water chemistry :  
 

To maintain a desired controlling range of pH into the boiler water TSP(Tri-sodium 
phosphate) or some cases DSP(Di-sodium phosphate) are dosed into the boiler steam 
drum through HP (High pressure) dosing pump. Maintaining such controlled range of pH 
simultaneously phosphate level will also vary into the boiler water. To avoid any Caustic 
embrittlement and foaming it is most important to maintain phosphate level into the safe 
range. While resorting the traditional high phosphate levels of 20 to 40 ppm, to make the 
situation worse, simultaneously condenser tube leak also occurs, basic magnesium 
phosphate deposits take place, rather than the desirable and less adherent basic 
magnesium silicate (serpentine) or magnesium hydroxide (brucite). Hence in modern 
high pressure boilers in order to prevent this type of magnesium deposition, the 
concentration level of phosphate is reduced to 2 to 4 ppm of orthophosphate and the 
hydrate alkalinity to 15 to 50 ppm as CaCO3. As operating pressure increase, water wall 
tubes exposed to high density of heat flux. It has been observed that although deposits 
are controlled, failures do occur at times by metal losses characterized by large pits and 
grooves develop. 
 
 
Question 4 : A hollow steel tube 3.5m long has external diameter of 120mm. In 
order to determine the internal diameter, the tube was subjected to a tensile load 
of 400kN and extension was measured to be 2mm. If the modulus of elasticity for 
the tube is 200Gpa, determine the internal diameter of the tube. 
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Solution :  
Area of hollow tube A0 =π/4x(D0

2-Di
2)  = π/4x(1202-Di2) 

Strain(ϱ)=Change in length/Original length=2/3500=0.0005714286 
Youngs modulas E=Stress/Strain=σ/ϱ 
Stress(σ)=Exϱ=200x103x0.0005714286=114.28 N/mm2 
Stress(σ)=Load/Area=P/A=[(400x103)x4]/ [3.14x(1202-Di2)] 
Or  114.28=[1600000/3.14]/(1202-Di2) 
Or  (1202-Di2)=509554.14/114.28=4458.82 
Or   14400-Di2=4458.82 
Or  Di2=14400-4458.82=9941.18 
Or Di=√9941.18 ,      
Internal Diameter of the tube =99.71mm 
 
Question 5 : What is chemical degradation of resin? Why does it occur and what is 
it’s effect in DM Plant. 
 
Answer :  
 
Chemical degradation of resin :  
Chemical degradation of resins means  reduction in ion exchanging properties into the 
respective Cation, Anion or Mixed bed unit. In such condition respective unit will get 
exhausted prior to its schedule time period. 
It occurs mainly due to improper pretreatment and deviation from the designed plant 
operating conditions . The important physical failures need to be addressed are physical 
loss, contamination, dehydration, attrition, depositions and oil fouling. 
 Ion exchange resins in DM applications are subjected to extreme changes in pH during 
regeneration which normally do not favor biological growth. However, biological growth 
problems do occur due to extended storage of resins, unutilized or intermittently used 
DM plants. In such cases, resin bed accumulates microorganisms. The water 
surrounding the resin bed normally contains low concentrations of nutrients such as 
nitrates, phosphates along with the bed temperature is helpful for housing and growth of 
microorganism. The microbial fouling could be identified by the clumping of resin bed 
together. Some times, they impart rotten egg odor due to the presence of anaerobic 
sulfate reducing bacteria. 
To prevent or reduce bio-fouling, resin should be stored in a biostatic solution. The 
normal biostatic solution contains sodium chloride up to 25% concentration. It is also 
advised to remove air from the resin unit during storage. The stored resins should be 
cleaned by an extended air scour followed by a double regeneration. Highly fouled 
systems need cleaning and disinfection. This should be considered as a last resort as 
this may cause oxidative attack on resin matrix. Cleaners should be used only when the 
resin in the exhausted form. A periodic disinfection of the resin bed then becomes 
essential to prevent it from fouling. 
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Question 6 : A thin cylindrical shell of 400mm diameter is to be designed for an 
internal pressure of 2.4MPa. Find the suitable thickness of the shell, if the 
allowable circumferential stress is 50MPa. 
  
Solution : 
Supose “t” is the thickness of cylindrical shell. 
Circumferential stress ϭc=Pxd/2t 
Thus thickness of shell “t” =Pxd/2xϭc 

    =(2.4x400)/(2x50) 
    =960x100=9.6mm 
 
Question 7 : Calculate the volume of minimum air required to burn completely 1 M3 
of a gaseous fuel having the following composition by volume : H2 14%, CH4 1%, 
CO 24%, CO2 5%, O2 1% and N2 55%. If  40% excess air is supplied, determine the 
actual volume of air supplied per m3 of gas.(Assume that air contains 21% oxygen 
by volume).        CG BOE-2015 
 
Solution : 
1m3 of the fuel contain 0.14m3 of H2, 0.01m3 of CH4, 0.24m3 of CO, 0.05m3 of CO2, 
0.01m3 of O2 & 0.55m3 of N2. 
 
CO  + (1/2) O2   CO2 
1 Volume 0.5 Volume  1 Volume 
It means 1 volume of CO requires 0.5 volume of Oxygen 
0.24 Volume of CO requires=0.24x0.5=0.12m3 of Oxygen 
 
H2  + (1/2) O2   H2O 
1 Volume 0.5 Volume  1 Volume 
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It means 1 volume of H2 requires 0.5 volume of Oxygen 
0.14 Volume of H2 requires=0.14x0.5=0.07m3 of Oxygen 
 
CH4  + 2O2    CO2 + 2H2O 
1 Volume 2 Volume  1 Volume 
It means 1 volume of CH4 requires 2 volume of Oxygen 
0.01 Volume of CH4 requires=0.01x2=0.02m3 of Oxygen 
 
Net volume of oxygen required = Theoretical O2 requires-O2 present in the fuel 
     =(0.12+0.07+0.02)-0.01=0.2 m3 of Oxygen 
Theoretical air required  = Net volume of O2 required/ O2 contains in air by volume 
    =0.2/0.21=0.95m3 of air per m3 of fuel. 
Actual air required  = 0.95x1.40 =1.33m3 of  air per m3 of fuel  
 
Question 8 : What are the advantages and disadvantages of welded joints over 
Riveted joints. 
 
Answer : Advantages and disadvantages of welded joints over Riveted joints :--- 
 
Advantages :-- 

1. Efficiency is more. 
2. Lighter structures can be made. 
3. Has greater strength. 
4. Addition and alteration can be easily made. 
5. Tension members are not weakened. 
6. Rigid frames can be made. 
7. Process of welding takes less time. 
8. Drilling or punching of holes does not required. 
9. Required smaller section for same load. 
10. Smooth in appearance as well as painting is easier and economical. 

 
Disadvantages :-- 

1. Need high level of skilled labour and supervision. 
2. Due to uneven heating and cooling the members may get distorted or additional 

stress may develop. 
3. Inspection is little bit difficult. 
4. No provision of expansion or contraction in the frame, therefore cracks may 

develop. 
 

Question 9 : Case study 
A NG-fired steam generating station has encountered unforeseen boiler drum 
problems in two of its four units- each fitted with Germany made single drum 
having the same capacity. 
 
All the 4 units of the boiler drums(ID=2089mm, Length=10516mm, Wall 
thickness=110mm) having a capacity of 272 tph operate at 9.65Mpa & 783*K. 
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The Units 1 and 2 started three years prior to units 3 and 4 developed very deep 
erosion and cracks at both dish ends of the steam drums. The other two drums 
continued trouble free operation. 
 
The cracks and eroded areas at various locations around the manhole were 
ground out where upon the drums continued uneventful operation the next 
decade. However, recent inspections of drums showed more cracks at different 
locations and considerable erosion on areas not ground during initial repair. 
Boiler drums of Units 3 and 4 surprisingly continue to sustain smooth operation 
as before showing no sign of cracks or metal loss. All the four boiler drums have 
been receiving the same quality of BFW coming form a single DM unit. 
 
What is the genesis of this problem in your opinion? 
What precautions should be taken to protect boiler drums from this damage? 
 
Answer : On the basis of above case study following opinion is in my point of view. The 
problem of boiler drum erosion and cracks is an uncommon situation as well as little bit 
dangerous for high pressure boiler of this size. This problem is very likely to be typical 
case of stress corrosion cracking. Whereas erosion and cracking are only on the drum 
ends, the problem is almost certainly associated with the metallurgy of the heads. 
Condition of water in drum might have contributed this problem. The sound, trouble free 
operation of Unit 3 and 4 support this case. 
Moreover the metal in drum 1 and 2 has differs from their head metal giving rise to a 
galvanic cell of some sort. While chemically treated feed water acts as an electrolyte. A 
local action might have been set up in the drum and could have proceeded during 
outage when the boiler was hot-rinsed. 
The actual metal could be responsible for this abnormalities. It may be non-homogeneity 
of constituents generated erosion and corrosion cracks. 
 
Following preventive action should be taken to avoid such case:-- 

1. Checking of all water treatment records, starting from commissioning of all 
boilers. 

2. Appropriate water treatment programs to keep up to the specification. 
3. Provision of blowdown(CDB/IBD) and HP dosing system effectiveness has to be 

checked. 
4. Checking whether Unit 1 and 2 subjected to more cycling than Unit 3 and 4. 
5. A thorough inspection and testing by radiography and ultrasonic test to ensure 

that no surface cracks or defects are present in boiler drums. 

6. The boiler designer/manufacturer must be called back to get the metal analysis 
and history. 
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