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Answer :  
 

(a) False. 
(b) True. 
(c) False. 
(d) False. 
(e) False. 
(f) False. 
(g) False. 
(h) False. 
(i) True. 
(j) True. 
(k) True. 
(l) False. 
(m)  True. 
(n) True. 
(o) True. 
(p) False. 
(q) True. 
(r) False. 
(s) False. 
(t) False. 

 
 
Q.2 : Differentiate between 

(a) Re-heater &  Air Pre-heater. 
(b) AFBC Boiler & CFBC Boiler. 
(c) Degasser & Deareator. 
(d) Steam Vs Oil as a carrier of heat. 
(e) Explosion Vs Implosion in Boiler. 
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Answer :  
(a) Difference between Re-heater &  Air Pre-heater :  

Criteria Re-heater Air Pre-heater 

1. Application Area To use steam at IPT(Intermediate 
pressure turbine). 

Preheat the air before 
sending for combustion. 

2. Operating media Medium pressure steam Air flow by forced draught 
fan 

3. Location Between Super-heaters Between Economizer & 
ESP. 

4. Advantages Increase overall efficiency of plant. Increase efficiency of boiler. 

5. Limitations Used in more than 80MW. Conventionally used in 
everywhere in fuel fired 
boiler. 

 
(b) List the advantages of CFBC boilers over AFBC boilers :  
1. Higher processing temperature because of high gas velocity through the system.  

2. Lower combustion temperature of about 870 
o
C can be achieved constantly, 

which results in minimal NOx formation.  
3. The combustion air is supplied at 1.5 to 2 psig rather than 3 to 5 psig as required 

by bubbling bed combustors.  
4. Higher combustion efficiency.  
5. Better turndown ratio.  
6. Erosion of heat transfer surface in the combustion chamber is reduced, since the 

surface is parallel to the flow. In AFBC system, the surface is generally 
perpendicular to the flow.  

 
© Difference between Degasser & Deareator : 

Criteria Degasser Deareator 

1. Function Dissolved gasses removal unit in 
DM plant. 

Oxygen removal from feed 
water & feed water heating 

2. Operating media Pretreated water conversion to 
DM water 

Condensate water 
conversion to feed water 

3. Location DM Plant Area Boiler feed pump Area 

4. Advantages Removal of dissolved gases 
specially Carbon di-oxide 

Removal of oxygen mainly. 

 
(c) Difference between Steam Vs Oil as a carrier of heat : 

Criteria Steam carrier of heat Oil carrier of heat 

1. Application For Process &Power etc. For initiate radiation heat into 
the furnace 

2. Media Gaseous Liquid 

3. Energy conversion Heat carrier only  Liberate heat after 
combustion only  

4. Specialty No chemical reaction inside the 
fluid. 

Oxidation process during 
combustion of oil 
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(d) Explosion Vs Implosion in Boiler : 
Furnace explosions: Numerous conditions can arise in connection with the operation of 
a boiler that produces explosive conditions. The most common of these are 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) Repeated unsuccessful attempts to light off without appropriate purging, resulting 
in the accumulation of an explosive mixture. 
c) 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. 
d) 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). 
 
Furnace Implosions: A furnace implosion is the result of the occurrence of excessively 
low gas side pressure, which causes equipment damage. Two conditions that have 
caused furnace implosion include: 
a) A mal-operation of the equipment regulating the boiler gas flow, including air supply 
and flue gas removal, resulting in furnace exposure to excessive induced draft fan head 
assembly. 
b) The rapid decay of furnace gas temperatures and pressure resulting from either a 
rapid reduction in fuel input or a master fuel trip. 
 
Q. 3 : Write short notes on 

(a) Renewable & Non-renewable energy. 
(b) 3 element drum level control in boilers. 
(c) Flame failure device in oil/gas/coal fired boiler. 
(d) Flash steam recovery. 
(e) Sensible heat and latent heat. 

 
Answer :  

(a) Renewable & Non-renewable energy : 
Renewable energy can be generated continuously practically without decay of 
source. E.g.- 
1. Solar Energy : Solar energy can be converted into electrical energy by using 

solar panels, or alternatively, be used as thermal energy using solar water 
heaters, solar cookers etc. 

2. Wind Energy : India is world’s third largest producer of electricity generation 
using wind power by wind mills. 

3. Geothermal Energy : A lot of energy exists inside earth crust. Natural hot water 
springs are a good source of getting such energy. 

4. Hydro Energy : Using dams, water is allowed to pass through turbine blades, 
which produces electricity. In India, after coal, most of the energy is produced by 
this method. 

 
Non renewable energy cannot be generated again and again, e.g. energy 
generated from combustion of fossil fuels, energy from coal, oil and gas etc. 
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(b) 3 element drum level control in boilers : 

 
 

(c) Flame failure device in oil/gas/coal fired boiler : 
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There is a risk of spontaneous combustion of unburned pulverized fuel in a hot 
combustion chamber following failure of the flame and serious furnace explosions have 
occurred in the past. Therefore, a detection system capable of monitoring the furnace 
conditions continuously required. 
The following systems are in the process of development : 
a) flame rod system/Bi-metal strip flame supervision device. 
b) photo-electric cells 
c) ultra-violet scanners 
d) acoustic methods 
e) television scanning 
 
(d) Flash steam recovery : Flash steam is produced when condensate at a high 
pressure is released to a lower pressure and can be used for low pressure heating. 

The higher the steam pressure and lower the flash steam pressure the greater the 
quantity of flash steam that can be generated. In many cases, flash steam from high 
pressure equipment is made use of directly on the low pressure equipment to reduce 
use of steam through pressure reducing valves. 

 
 
(e)Sensible heat and latent heat : 
Sensible Heat : The heat which is utilized to increases the temperature of any liquid is 
known as sensible heat. Sensible heat is known as liquid heat.  

Latent Heat : The heat which is utilize the phase transformation of any fluid from liquid 
to gaseous is known as latent heat. 540 Kcals required to convert 1 Kg of water into 
steam.  
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Q. 4(a) : Explain with schematic diagram, a combined cycle power plant. 
Answer :  

 
 
Combined-cycle power plant works to produce electricity and captures waste heat from 
the gas turbine to increase efficiency and electrical output. 

1. Gas turbine burns fuel : The gas turbine compresses air and mixes it with fuel 
that is heated to a very high temperature. The hot air-fuel mixture moves through 
the gas turbine blades, making them spin. The fast-spinning turbine drives a 
generator that converts a portion of the spinning energy into electricity. 

2. Heat recovery system captures exhaust : A Heat Recovery Steam Generator 
(HRSG) captures exhaust heat from the gas turbine that would otherwise escape 
through the exhaust stack. The HRSG creates steam from the gas turbine 
exhaust heat and delivers it to the steam turbine. 

3. Steam turbine delivers additional electricity : The steam turbine sends its 
energy to the generator drive shaft, where it is converted into additional 
electricity. 
 

Q. 4(b) : Advantage of AFBC Boiler over Spread Stoker Boiler. 
 
Answer : Advantage of AFBC Boiler over Spread Stoker Boiler : 
1. High Efficiency : FBC boilers can burn fuel with a combustion efficiency of over 95% 
irrespective of ash content. FBC boilers can operate with overall efficiency of 84% (plus 
or minus 2%). 
2. Reduction in Boiler Size : High heat transfer rate over a small heat transfer area 
immersed in the bed result in overall size reduction of the boiler. 
3. Ability to Burn Fines : Coal containing fines below 6 mm can be burnt efficiently in 
FBC boiler, which is very difficult to achieve in conventional firing system. 
4. Pollution Control : SO2 formation can be greatly minimised by addition of limestone 
or dolomite for high Sulphur coals. 3% limestone is required for every 1% sulphur in the 
coal feed. Low combustion temperature eliminates NOx formation. 
5. Easier Ash Removal – No Clinker Formation : Since the temperature of the furnace 
is in the range of 750 – 900 °C in FBC boilers, even coal of low ash fusion temperature 
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can be burnt without clinker formation. Ash removal is easier as the ash flows like liquid 
from the combustion chamber. Hence less manpower is required for ash handling. 
6. Fast Response to Load Fluctuations : Inherent high thermal storage characteristics 
can easily absorb fluctuation in fuel feed rates 
7. Provisions of Automatic Coal and Ash Handling System : Automatic systems for 
coal and ash handling can be incorporated, making the plant easy to operate 
comparable to oil or gas fired installation. 
8. Provision of Automatic Ignition System : Control systems using micro-processors 
and automatic ignition equipment give excellent control with minimum manual 
supervision. 
9. High Reliability : The absence of moving parts in the combustion zone results in a 
high degree of reliability and low maintenance costs. 
10. Reduced Maintenance : Routine overhauls are infrequent and high efficiency is 
maintained for long periods. 
 
Q. 4(c) : What are the factors which affect thermal efficiency of a boiler? 
 
Answer : Factors which affect thermal efficiency of a boiler : 

1.Stack Temperature : It is defined as the temperature level at which the hot exhaust 

gases make their way out of the boiler. The flue gas temperature must be a proven value 

for the thermal efficiency calculation to be reflective of the true fuel usage of the boiler.  

2.Fuel Specification : The specification of a fuel source can immensely affect the 

thermal efficiency of a boiler system. For example, if the hydrogen content within a 

gaseous fuel source is comparatively high, extra water vapors get generated in the 

burning process. These water vapors tend to consume heat energy from the boiler for 

shifting their physical state during combustion.  

3. Excess air: Excess air is defined as the amount of surplus air provided ,which is more 

than the necessary air needed to carry out combustion process. However, at the same 

time, this more than required air tends to consume heat energy produced by combustion 

which in turn affects the heating efficiency of the boiler. “Seasonal changes in 

temperature and barometric pressure can cause the excess air in a boiler to fluctuate 5% 

- 10%. A realistic excess air level for a boiler in operation is 15% if an appropriate safety 

factor is to be maintained.  

4. Ambient Temperature : The thermal efficiency of a boiler also depends upon the 

ambient air temperature surrounding the boiler. For every 40 degree shift in ambient 

temperature, the efficiency of a boiler can get affected by at least 1%. Since all the boiler 

rooms are maintained at moderately warm temperature, majority of the efficiency 

computations takes upon 80 deg. F as the ambient temperature value. 

5. Radiation & Convection Losses/Skin loss : These are the losses which emerge 

due to radiation of heat energy from the boiler. To eliminate the effect of these losses, 

boiler systems are usually shielded with some sort of insulation material. The presence 

of these losses extremely influences the thermal efficiency of a boiler. In cases where 

these losses are not taken into consideration while performing efficiency calculations, 
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accurate fuel consumption value can never be attained.  

 

Q. 5(a) : Explain working principle of ESP(Electro Static Precipitator) with a 
sketch. 
 
Answer : Principle of ESP(Electrostatic Precipitator) operation:  
# High DC –ve potential is applied to discharge electrode with respect to grounded 
collecting plate.  
# Above di-electric strength, the break-down of medium takes place.  
# Discharge of free electrons from emitting electrode which move towards collecting 
plates.  
# Ionize gas molecule & charges dust particle negatively.  
# These negatively charged dust particles moves towards collecting plate, gets collected 
& loose their charge. 

  
 
Q. 5(b) : Comparison between Mechanical dust collector and Bag Filter. 
 
Answer :  

Type Advantages Disadvantages 

Mechanical 
Shaker 
Baghouses 

 

1. Have high collection efficiency for 

respirable dust. 

2. Can use strong woven bags, which can 

withstand intensified cleaning cycle to 

reduce residual dust buildup. 

3. Simple to operate. 

4. Have low pressure drop for equivalent 

collection efficiencies 

1. Have low air-to-cloth ratio (1.5 

to 2 ft/min). 

2. Cannot be used in high 

temperatures. 

3. Require large amounts of 

space. 

4. Need large numbers of filter 

bags 
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Reverse Air 

Baghouses 

1. Have high collection efficiency for 

respirable dust. 

2. Are preferred for high temperatures 

due to gentle cleaning action. 

3. Have low pressure drop for equivalent 

collection efficiencies 

1. Have low air-to-cloth ratio (1 to 

2 ft/min) 

2. Require frequent cleaning 

because of gentle cleaning 

action. 

3. Have no effective way to 

remove residual dust buildup. 

 

Pulse Jet 

(Reversed Jet) 

Baghouses 

1. Have high collection efficiency for 

respirable dust. 

2. Can have high air-to-cloth ratio (6 to 

10 ft/min). 

3. Have increased efficiency and minimal 

residual dust buildup due to aggressive 

cleaning action 

1. Require use of dry compressed 

air 

2. May not be used readily in high 

temperatures unless special 

fabrics are used. 

3. Cannot be used if high moisture 

content or humidity levels are 

present in the exhauset gases 

 
Q. 5(c) : What are the permissible limit of chimney emission from Gujrat pollution 
control board? 
 

Answer : Steam Boiler chimney emission permissible Limit from 
GPCB(Gujarat Pollution Control Board) : 
1.SPM(Suspended Particulate matter)  - 100mg/NM3 
2. SOx       - 100 ppm 
3. NOx       - 50 ppm  
 
Q. 6(a) : What is the feed water treatment in a high pressure boiler? 
 
Answer : AVT (All volatile treatment] : A review of high pressure boiler water 
treatment would not be fully completed without looking at the alternative to phosphate 
programs. This program use AVT(All volatile treatment) chemicals and is commonly 
referred to as AVT or zero solids treatment. Sodium is removed from the feed water by 
evaporation or demineralization of the makeup water and full flow, mixed bed 
demineralization of return condensate. No chemicals containing sodium are added for 
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internal treatment. The chemicals used are all volatile materials are ammonia and or 
Marpholene or cyclo-hexalamine for pH control and hydrazine, catalyzed hydrazine or a 
volatile hydrazine substitute as an oxygen scavenger and corrosion inhibitor. The control 
limits for an AVT program are total solids less than 2ppm and pH range of 8.5to9.0. 
 
Q. 6(b) : What are the control limit of feed water, boiler water and steam for a high 
pressure/ temperature boiler feeding steam to turbine? 
 
Answer : Control limit of Feed water, Boiler water for a High Pressure Boiler : 
 

 
 
 
Q. 6(c) : Reverse Osmosis in water treatment. 
 
Answer : Reverse osmosis : Reverse osmosis uses the fact that when solutions of 
differing concentrations are separated by a semi-permeable membrane, water from less 
concentrated solution passes through the membrane to dilute the liquid of high 
concentration. If the solution of high concentration is pressurized, the process is 
reversed and the water from the solution of high concentration flows to the weaker 
solution. This is known as reverse osmosis. The quality of water produced depends upon 
the concentration of the solution on the high-pressure side and pressure differential 
ascross the membrane.This process is suitable for waters with very high TDS, such as 
sea water. 
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