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Answer :  1C 2D 3B 4B 5B 6D 7B 8C 9C 10B

 11D 12C 13C 14B 15C 16C 17B 18B 19B 20A 21D
 22C 23A 24B  25D 26C 27A 28C 29B 30D  
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Q.2(i) What do you understand by Supercharged boiler? Explain its working with 
neat diagram. What are its advantages over conventional boiler? 
 
Answer : When the combustion is carried out under high pressure by supplying the 
compressed air then rate of heat transfer is increased and heating surfaces required is 
reduced. This theory is used in supercharged boiler. 
The high pressure compressed air is supplied to combustion chamber. Part of heat of 
hot gases in the furnace is absorbed by boiler tubes in which water evaporated and then 
it is superheated in super heater. The high pressure and temperature exhaust gases 
from combustion chamber are used to run gas turbine. The work produces by gas 
turbine is used to run air compressor. The exhaust gases coming from gas turbine 
passes over the economizer tubes. Then escape to the atmosphere through chimney. 

 
Advantages of Supercharged boiler over conventional boiler :- 

1. Supercharged boiler requires 30 to 25% of heat transfer surface of conventional 
boiler due to very high overall heat transfer co-efficient. 

2. Due to small heat capacity of the boiler, boiler plant gives better response to 
control. 

3. Rapid start of the boiler is possible due to less heating surfaces and 
compactness. 

4. The part of the gas turbine output can be used to drive other auxiliaries. 
5. Comparatively less number of operators are required. 
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Q.2(ii) Differentiate internal and external economizer and explain. Show line 
diagram for both economizer with respect to boiler. 
 
Answer : 
The economizer is a heat exchanger through which the feed water is pumped. The feed 
water thus arrives in the boiler at a higher temperature than would be the case if no 
economizer was fitted. Less energy is then required to raise the steam. Alternatively, if 
the same quantity of energy is supplied, then more steam is raised. This results in a 
higher efficiency. In broad terms a 10°C increase in feed water temperature will give an 
efficiency improvement of 2%. 

 
 
Economizers are divided into two main types.  

1. External economizer systems : Sometimes with the certain weather conditions 
the cool of outdoor air can be used to cover the cooling loads. The heat transfer 
between outdoor and indoor air may be carried out directly like a direct air-side 
economizers or indirectly like water-side with the help of water and indirect air-
side economizers with air. The main feature is the use of the cooling power of 
outdoor air instead of the mechanical cooling for the de-crease of power 
consumption of the chiller system. 

2. Internal economizer systems :In the simple systems there is no separation of 
liquid or gas in the circuit. Also the flow of working fluid has no division. The 
system has ordinary composition and all volume of the refrigerant passes through 
all parts like evaporator, compressor, con-denser and throttling device. But there 
is another way, when the system is designed so, that possibility of phase 
separation or flow division exists. In the first case, the part of gas or liquid may be 
separated in two-phase part of circuit. According to this, the phase ratio and 
properties of working flow changes. In other case the flow of the refrigerant 
divides and then there is a place where flows with different temperatures are 
mixed. Both cases have an effect on the efficiency of the system. On these two 
principles the internal economizer systems are based. So such systems have 
better efficiency and lower energy consumption compared to simple systems. 
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Q.2(iii) Describe details mentioned in working certificate of boiler. 
 
Answer : Sample copy of working certificate of a boiler is mention below. 
 

 
 
Q. 3: Answer  the following shortly. 
1. Why forced circulation is absolutely necessary to use in super critical boiler? 
2. What is Fog and Smog? 
3. Priming and Foaming? 
4. What is normalizing and stress relieving? 
5. What is osmosis, osmotic pressure and reverse osmosis? 
6. Explain basic mode of heat transfer? 
7. What is fouling and slagging of tube surface in term of deposit? 
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Answer : 
1. Need of forced circulation in super critical boiler : 

By Rankine cycle will find pressure ˃ 221.15 bar is called super critical pressure. 
Generally in all supercritical case BFP itself generate such pressure in rated condition 
ranging from 320 to 330 kg/sq.cm; which don't required any assistance. Now this all 
required based on circulation ration range, vis a vis design of boiler itself. In subcritical 
system pressure is ˂ 221.15 bar which generally doesn't required forced circulation, but 
assistance circulation may required based on height or head, boiler design.  
Forced circulation is controlled water distribution in all parts of the boiler with submersed 
pumps installed in the down comers and each tube is either ventured or A small orifice is 
installed in each tube to control the exact amount of flow to high and low Temperature 
zones. 

2. Fog and Smog : 
Fog : High-pressure cold-water fogging operates in a fashion similar to other cold-water 
humidification systems, in that they all generate small water droplets and use heat from 
the space to effect evaporation. But fog achieves small particle sizes through the 
utilization of pressurized water – inherently a more energy-efficient method. 
Smog : Burning coal emits nitrogen oxide along with other organic fuel gases producing 
unhealthy air pollution called smog. Along with unhealthy air, the chemical mixture in 
smog produces acid rain, a poison to soil, plants, fish and the people and animals that 
eat them. 

3. Priming and Foaming : 
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4. Normalizing and Stress relieving : 
 

Normalizing: - Heat treatment is same as above except that the steel 
components are held in the range of 850-970 C and are cooled in still air instead 
of furnace so that the material cools rapidly as compared to annealing and 
transformation of Austenite takes place at lower temperature and result in 
globular pearlite, upper Bainite. Normalized steel attains higher strength and 
toughness and lesser ductility as compared to fully annealed steel. 
 
Stress Relieving: - This treatment is similar to tempering and except that, the 
parts are cooled slowly inside the furnace. This treatment is given to the parts, 
which are cold formed/ work hardened steel materials like pipe bends, swaged 
pipe ends. It reduces hardness and improves ductility and toughness. 
 

5. Osmosis, Osmotic pressure and Reverse Osmosis: 
 
Osmosis : It is 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. Then water flow 
from the solution of low concentration to the higher solution. 
 

Reverse osmosis : 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. The semipermeable nature of 
the membrane allows the water to pass much more readily than the dissolved minerals. 
Since the water in the less concentrated solution seeks to dilute the more concentrated 
solution, the water passage through the membrane generates a noticeable head 
difference between the two solutions. This head difference is a measure of the 
concentration difference of the two solutions and is referred to as the 
Osmotic pressure difference. 

 

6. Basic mode of heat transfer: There are three modes of heat transfer namely 

conduction, convection and radiation. 

1. Conduction : Conduction refers to the heat transfer that occurs across the 
medium. Medium can be solid or a fluid. 

2. Convection : Convection refers to the heat transfer that will occur between a 
surface and a moving fluid when they are at different temperatures. 

3. Radiation : In radiation, in the absence of intervening medium, there is net heat 
transfer between two surfaces at different temperatures in the form of 
electromagnetic waves. 
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7. Fouling and slagging of tube surface: 

Two main types of deposits in boilers are fouling & slagging :- 
Slagging 

 Deposits within furnace, in areas directly exposed to flame radiation such as 
furnace walls and some widely spaced pendant super-heaters. 

 Take place in the hottest parts of boiler. 

Fouling 

 Deposits in areas not directly exposed to flame radiation such as the more 
closely spaced tubes in convection sections of boiler 

 Take place as flue gas & suspended fly ash cool down 

 
Q.4 : What is full form of pH of water? Explain effect of various pH value of feed 
water on boiler and How will you control it? Describe DM water treatment plant in 
details with sketch. 
 
Answer : Full form of pH is potential of Hydrogen sometime it is expressed as power 
of Hydrogen.  
pH - It is the logarithmic reciprocal of hydrogen ion concentration in Water. In water 
either hydrogen ion or hydroxyl ion predominate causes water acidic or alkalic. This is 
measured from the number 1 to 14. The value 7 is neutral and above 7 are alkalic and 
below 7 is called acidic. Acidic water will auxillrate Corrosion. pH value of feed water 
maintained in the range of 9.0 to 9.5. Lower the pH value of feed water is lead to 
corrosion of boiler pressure parts & Higher pH value is increases phosphate level of 
boiler water & its lead to foaming effect(fluctuation in drum level). It is controlled & 
maintained by dosing of marpholene in DM storage tank. 
 
DM water treatment Plant :  
Demineralization is the removal of dissolved ionic impurities that are present in water. 
Demineralized water is commonly produced by one or a combination of the following 
processes:  
• Ion exchange  
• Membrane desalination  
• Thermal desalination  
The method selected to produce demineralized water depends on the quality of the  
influent water, the required quality of the effluent water, the availability of resources such  
as regenerant chemicals, and wastewater treatment and disposal requirements. The  
economics of the processes that produce acceptable effluent quality must be evaluated 
to determine the most cost-effective method for a specific application.  
Inorganic removal is accomplished through the adsorption of contaminant ions into a 
resin exchange medium. One ion is substituted for another on the charged surface of the 
medium that is usually a plastic resin. This type of surface is designed as either cationic 
or anionic-negatively charged. The medium is saturated with exchangeable ions before 
the treatment operations.  
The contaminant ions during ion exchange, replace the regenerant ions because they 
are preferred by the exchange medium. When no ions are left to take the place of the 
contaminant ions, the medium is regenerated with a suitable solution that saturates the 
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medium with the appropriate ions. Since there is a required down time, the regeneration 
cycles are done only once per day.  
For resin exchange, capacity is expressed in terms of weight per unit volume of the resin 
used. Calculation of the breakthrough time for an ion exchange unit requires knowing the 
resin exchange capacity, influent contaminant concentration and the desired effluent 
quality. 

 
 
Q.5(A) Make correct combination . 

1. Steam for process heating 1. Superheated steam 

2. Steam for turbine 2. Scavenging oxygen 

3. Deareator  3. Fully dry steam 

4. Steam trap 4. Unidirectional flow 

5. Feel check valve 5. Remove condensate 

 
Answer : 

1. Steam for process heating 3. Fully dry steam 

2. Steam for turbine 1. Superheated steam 

3. Deareator  2. Scavenging oxygen 

4. Steam trap 5. Remove condensate 

5. Feed check valve 4. Unidirectional flow 
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Q.5(B) Explain following terminology . 
1. Fly ash 
2. Secondary combustion 
3. Secondary Air 
4. Hogged Fuel 
5. Wind box 
 
Answer : 

1. Fly ash –Residue of fuel after the combustion which is carry with the flue gas 
towards stack & being collected in hoppers of Economizer/Air pre-heater/ESP 
(Electro-static precipitator). 

2. Secondary combustion - Combustion which occurs as a result of ignition at a 
point beyond the furnace. 

3. Secondary Air- Air which is supply to furnace to ensure complete combustion of 
fuel into the furnace to avoid any secondary combustion in the convection zone 
of boiler. 

4. Hogged Fuel- An unprocessed mix of coarse chips of bark and wood fiber. Pieces 
run between a coarse grade of less than 5" to a fine grade of less than 2". 

5. Wind box - A chamber below the grate or surrounding a burner, through which 
air under pressure is supplied for combustion of the fuel. 
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