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Answer : 1.(c),  2.(d),  3.(c),  4.(c),  5.(c),  6.(a),  7.(a),  8.(a),  9.(a), 10.(a). 
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Answer : 
1. Increases Oxygen in flue gas.   
2. RTD(Resistance thermos detector). 
3. Cold end corrosion.    
4. Purging the boiler. 
5. Scale.      
6. Corrosion 
7. Temporary      
8. Incomplete combustion. 
9. Equivalent of evaporation.   
10. Soot blowing. 
  

 

 
 
Answer : 1.(True), 2.(False), 3.(False), 4.(False), 5.(True), 6.(False), 7.(False), 
8.(False), 9.(True), 10.(True). 
 
4. Answer the following question : -     [10X3=30] 
 
Question 4 (i) : Explain why is the natural circulation limited to subcritical boiler ? 
 
Answer : Natural circulation works on the basis of density difference between steam and 
water. At a critical pressure 221bar & corresponding saturation temperature 374*C of 
steam the density difference between steam and water is zero and so natural circulation 
are blocked at that condition. Therefore natural circulation is limited up to subcritical 
boilers only. 
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Question 4(ii) : Estimate SO2 emission through chimney in Kg year with the data 
given as under : 
Number of days considered in a year: 330 
Fuel used : Furnace oil 
Specific gravity of furnace oil : 0.94 
Efficiency of boiler : 90% 
GCV of furnace oil : 9400 Kcal/Liter 
Steam Generation : 90TPH 
Enthalpy of steam : 800kcal/kg 
Enthalpy of feed water entering economizer : 200Kcal/kg 
Sulphur content in furnace oil : 3.8% 
 
Solution :  
 
Quantity of furnace oil consumption= 
=[Mass of steam x Net enthalpy]x100/[Efficiency x GCV of furnace oil} 
=[90x1000x(800-200)]/[0.90x9400x0.94] 
=54000000/7952.4=6790.4029kg/hr=6.8 tones/hr. 
 
Quantity of Sulphur in Kg/Annum = 6.8x1000x24x330x0.038  
= 2046528 Kg/Annum  
S  +  O2  =SO2  
32  + 2x16  =64  
 
As per above equation of sulphur emission ,1 Kg of Sulphur will generate 2 Kg of SO2.  
Hence SO2 emission through chimney= 
 = 2x2046528 
=4093056 Kg/ Annum  
= 4093.056 Tons/ Annum 
 
Question 4(iii) : Explain why is the safety valve of super-heater set at lower 
pressure than the safety valve of the boiler drum? 
  
Answer :  
Super-heater safety valve is always set at lower pressure than boiler drum safety valve 
pressure because there will be chances of starvation of super-heater tubes . In case of 
any excess pressure in boiler super-heater safety valve must blow before drum safety 
valve otherwise steam flow will not be establish through super-heater tubes & at that 
case super-heater tubes will get overheated. To avoid such occurrence this provision 
has to be made during steam test of any boiler.  
 
Question 4(iv) : What is a supercritical boiler? What is the basic difference 
between sub critical and supercritical boiler? 
 
Answer :  
Supercritical Boiler : The boilers whom working pressure is more than critical 
pressure(221bar) is known as supercritical boiler. 
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Difference between sub critical and supercritical boiler 

 
 
Question 4(v) : Define the following terms related to Indian Boiler Act : 

(a) Boiler 
(b) Feed Pipe 
(c) Economizer 

 Answer : 
(a) Boiler means a pressure vessel in which steam is generated for use external to 

itself by application of heat which is wholly or partly under pressure when steam 
is shut off but does not include a pressure vessel,- 

(i) with capacity less than 25 liters (such capacity being measured from the feed check 
vale to the main steam stop valve); 
(ii) With less than one kilogram per centimeter square design gauge pressure and 
working gauge pressure or 
(iii) In which water is heated below one hundred degrees centigrade  

(b) Feed-pipe means any pipe or connected fitting wholly or partly under pressure 
through which feed water passes directly to a boiler and which does not form an 
integral part thereof 

© Economizer  means any part of a feed-pipe that is wholly or partially exposed to the 
action of flue gases for the purpose of recovery of waste heat. 
 
Question 4(vi) : What do you mean by minimum air required for complete 
combustion of fuel in boiler system and how you will ensure this?  
What does it indicates, if the boiler chimney emits the flue gases as follows? 

(a) White smoke 
(b) Brown smoke 
(c) Black smoke 

http://mithileshkhudawal.wix.com/boeindia


   Indian BOE Coaching Services 

JH BOE-2016 Paper-2 (Boiler Engg-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” 

Answer : Minimum air required for complete combustion : For optimum combustion, 
the real amount of combustion air must be greater than that required theoretically. 
Theoretically no oxygen content should be in flue gas because it is leading to more heat 
loss from furnace. But practically it not possible to maintain zero excess oxygen content 
because there must be few content of oxygen to ensure complete combustion. If we try 
to maintain higher oxygen content in flue gas then possibility of complete combustion is 
more the other part is that heat loss will be proportionally higher. Hence to ensure 
minimum heat loss along with complete combustion slight part of oxygen content should 
be indicated in Orsat apparatus for oxygen monitoring.  
Following are the indications, if the boiler chimney emits the flue gases as follows : 

(a) White smoke: Good combustion. 
(b) Brown smoke: Perfect combustion. 
(c) Black smoke: Incomplete combustion. 

 
Question 4(vii) : Why are both the turbo-drive and motor-driven centrifugal boiler 
feed pumps are installed in larger thermal plant? Which type of pumps would you 
prefer to operate in normal plant operation and why? 
 
Answer : In the large thermal power plants (specially 500MW & above) MDBFP(Motor 
driven boiler feed pumps) & TDBFP(Turbo-driven boiler feed pump) are installed. 
TDBFP are operated above 50% load on TG set through turbines extractions steam. 
Advantages of this TDBFP are to reduce auxiliary power consumption of power unit.  
We prefer TDBFP operation because of it is running through bleed steam of turbine 
extractions. TDBFP has saving electrical energy through reducing auxiliary power 
consumption by substitution to run MDBFP.  
 
Question 4(viii) What will be the adverse impact of presence of unburnt carbon 
particle in flue gases on the performance of ESP/What is the solution to the 
problem? 

Answer : Un-burnt carbon act like a high resistivity dust in the precipitator. Higher 

voltages can be required in order for corona generation to begin. These higher voltages 

can be problematic for the TR-Set controls. The problem lies in onset of corona causing 

large amounts of current to surge through the (low resistivity) dust layer. The controls 

sense this surge as a spark. As precipitators are operated in spark-limiting mode, power 

is terminated and the corona generation cycle re-initiates. Thus, lower power (current) 

readings are noted with relatively high voltage readings. 

 
Question 4(ix) How does the flashed steam produced by blow down water 
contaminate the steam? How can this problem be solved? 
 
Answer : Flash steam  can be produced in an equipment called the 'flash vessel'. This is 
a vertical vessel as shown in the below figure . The diameter of the vessel is such that a 
considerable drop in velocity allows the condensate to fall to the bottom of the vessel 
from where it is drained out by a steam trap preferably a float trap. Flash steam itself 
rises to leave the vessel at the top. The height of the vessel should be sufficient enough 
to avoid water being carried over in the flash steam. 
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Question 4(x) : Why is the final temperature of BFP at the economizer outlet 
usually kept at a temperature about 10-15*c less than the saturation temperature? 
What harm will it cause in case of higher temperature? 
 
Answer : The Final temperature of BFP(Boiler Feed Pump) at the economizer outlet 
usually kept at a temperature about 10-15*c less than the corresponding saturation 
temperature because economizer designed such a way that they should add sensible 
heat only. To ensure sensible heat transfer it is taking care that it should below about 10-
15*c below as conservative approach.  
Economizer getting start vibrating in term of noise can be heard nearby Economizer 
during feed water outlet temperature more than saturation temperature. Long term 
vibrating get convert into failure of economizer welding joint leakage. 

SECTION-2 
Answer the following question : -     [5X6=30] 
Question (i) : Draw Temperature-Entropy diagram(T-s diagram) of Ideal reheat 
cycle for modern steam power plant and explain its various stages. 
Answer : Temperature-Entropy diagram(T-s diagram) of Ideal reheat cycle : 
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In above figure temperature and entropy diagram shown. Following are the description 
and process during reheat cycle of modern steam power plant : 
G-H : Pumping work  
H-A : Sensible heat gain by economizer. 
A-B : Addition of Latent heat in evaporators. 
B-C : Addition of heat of superheat(Degree of super heat). 
C-D : Expansion of steam in HP Turbine. 
D-E : Addition of superheat in re-heaters. 
E-F : Expansion of steam in LP Turbine.  
F-G : Heat loss from condenser. 
 
Question (ii) : Draw a control circuit of three element of boiler drum level control 
and explain its working principle. 
 
Answer : Drum Level Control Systems are used extensively throughout the process 
industries and the utilities to control the level of boiling water contained in boiler drums 
on process plant and help provide a constant supply of steam. 
If the level is too high, flooding of steam purification equipment can occur. 
If the level is too low, reduction in efficiency of the treatment and recirculation function. 
Pressure can also build to dangerous levels. 
A drum level control system tightly controls the level whatever the disturbances, level 
change, increase/decrease of steam demand, feed water flow variations. 
A drum level control system tightly controls the level whatever the disturbances, level 
change, increase/decrease of steam demand, feed water flow variations. 
 
Three Element Boiler Feed Water Control : 
 A three element control system is shown in figure above. The measured variables or 
elements are 'steam flow', 'drum flow' and 'feed water 
flow'. Since in a balanced situation steam flow must 
equal feed flow, these two signals are compared in a 
differential relay. The relay output is fed to a two term 
controller and comparator into which the measured 
drum level signal is also fed. Any deviation between the 
desired and actual drum level and any deviation 
between feed and steam flow will result in controller 
action to adjust the feed water control valve. The drum 
level will then be returned to its correct position. 
A sudden increase in steam demand would result in a 
deviation signal from the differential relay and an output 
signal to open the feed water control valve. The swell 
effect would therefore not influence the correct 
operation of the control system. For a reduction in steam demand, an output signal to 
close the feed water control valve would result, thus avoiding shrinkage effects. Any 
change in feed water pressure would result in feed water control valve movement to 
correct the change before the drum level was affected. 
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Question (iii) : The analysis of typical raw water after the water filtration plant is 
given below : 
Total alkalinity (M Alkalinity) as CaCO3 : 424ppm 
Total Hardness as CaCO3   : 348ppm 
Magnesium Hardness as CaCO3  : 188ppm 
Calcium Hardness as CaCO3  : 160ppm 
TDS as CaCO3    : 650ppm 
Chloride as CaCO3    : 57ppm 
Sulphate as CaCO3    : 65ppm 
 
Calculate : 

(a) Equivalent Mineral Acids in water(EMA). 
(b) Total Cation and Total Anion in the water. 
(c) Sodium Content in the water. 

 
Solution : 

(a) EMA=Cloride+Sulphate+Nitrate=57+65+0=123ppm 
(b) Total Cation=Total Alkalinity+EMA=424+123=547ppm 

Total Anion=Total cation=547ppm 
( c) Sodium content in water=Total cation-(Ca+Mg)=547-348=199ppm  
 
Question (iv) : A boiler is equipped with a chimney 25 meter high. The temperature 
of outside air is 25*C and average temperature of flue gasses in the chimney is 
320*C. If the boiler is supplied 20kg of air per kg of fuel burnt. Calculate 

(a) The theoretical draft created in cm of water and 
(b) The velocity of flue gases in the chimney if 60% of the draught is lost in 

friction at the grate and passage. 
 
Solution : 
Given as, Ta (Ambient temp is 25*C=25+273=298*K  
H=25meters ,T=320*C=320+273=593*K ,w=20kg/kg of coal burnt  
Theoretical draught h=353H(1/Ta-w+1/wx1/T) mmWc  
h=353x25(1/298-21/20x1/593)  
h=8825x(0.00336-1.05x0.00169)  
h=8825x0.00156  
h=13.767 mmwc=1.3767cmwc  
Available draught is 40% of the theoretical draught.  
P=0.4X13.767=5.5068 mmwc=5.5068X9.81N/m2  
Now this pressure is caused by height of gas column Hg  
Hgx353(w+1)/wxTx9.81=5.5068X9.81  
Or Hgx353(20+1)/(20x593)x9.81=5.5068x9.81  
Or Hgx1.6=5.5068  
Draught head of hot gasses is Hg=3.44m  
Velocity of flue gas in chimney= V=√(2xgxHg) =√(2x9.81x3.44) =8.22 m/sec  
 
Question (v) : Draw a neat sketch of CFBC(Circulating Fluidized Bed Combustion) 
Boiler, showing its various components. Also explain the working principle of 
CFBC boiler in brief. 

http://mithileshkhudawal.wix.com/boeindia


   Indian BOE Coaching Services 

JH BOE-2016 Paper-2 (Boiler Engg-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” 

Answer : Circulating Fluidized Bed Combustion (CFBC) technology has evolved from 
conventional bubbling bed combustion as a means to overcome some of the drawbacks 
associated with Conventional bubbling bed combustion  
Figure 1 shows a typical CFBC process flow.  
Figure 2 provides a rough overview of CFBC. 
 Generally, CFBC consists of a boiler and a high-temperature cyclone. The intra-furnace 
gas velocity is as high as 4 to 8 m/s. A coarse fluidizing medium and char in the flue gas 
are collected by the high-temperature cyclone and recycled to the boiler. Recycling 
maintains the bed height and increases the denitration efficiency. To increase the thermal 
efficiency, a pre-heater for the fluidizing air and combustion air, and a boiler feed water 
heater, are installed.  

 
 
Working principle of CFBC boiler : This CFBC technology utilizes the fluidized bed 
principle in which crushed (6 –12 mm size) fuel and limestone are injected into the 
furnace or combustor. The particles are suspended in a stream of upwardly flowing air 
(60-70% of the total air), which enters the bottom of the furnace through air distribution 
nozzles. The fluidizing velocity in circulating beds ranges from3.7 to 9 m/sec. The 
balance of combustion air is admitted above the bottom of the furnace as secondary air. 
The combustion takes place at 840-900oC, and the fine particles (<450 microns) are 
elutriated out of the furnace with flue gas velocity of 4-6 m/s. The particles are then 
collected by the solids separators and circulated back into the furnace. Solid recycle is 
about 50 to 100 kg per kg of fuel burnt. There are no steam generation tubes immersed 
in the bed. The circulating bed is designed to move a lot more solids out of the furnace 
area and to achieve most of the heat transfer outside the combustion zone - convection 
section, water walls, and at the exit of the riser. Some circulating bed units even have 
external heat exchanges. The particles circulation provides efficient heat transfer to the 
furnace walls and longer residence time for carbon and limestone utilization. Similar to 
Pulverized Coal (PC) firing, the controlling parameters in the CFB combustion process 
are temperature, residence time and turbulence. 
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