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Answer : 
1 .(iii),2(iii),3(iii),4(ii),5(i),6(iv),7(iii),8(ii),9(iii) &10(i) 
 
Q.2  Write short notes on the following : 
(i) Fusible plug 
(ii) Proximate Analysis 
(iii) Advantage & disadvantage of Reheat cycle 
(iv) Utility of NDT(Non destructive Testing). Name 5 important techniques.  
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Answer  
 (i) Fusible plug 
The crown of the furnace of some boilers is fitted with a plug held in position by fusible 
metal or alloy. This plug under normal conditions is covered with water in the boiler 
which keeps the temperature of the fusible metal below its melting point. But when the 
water level in the boiler falls low enough to uncover the top of the plug, the fusible metal 
quickly melts, the plug drops out, and the opening so made allows the steam to rush into 
the furnace. The steam thus, puts out the fire or gives warning that the crown of furnace 
is in danger of being overheated. 

 
 (ii) Proximate Analysis 
Proximate analysis, an important property of the solid fuels is the name given to the 
estimation of moisture, volatiles, fixed carbon and ashes etc. in a sample of a solid fuel. 
The volatiles and chars roughly give the distribution of the original constituents into 
components partaking in flaming and glowing combustion. While ash contents in wood 
may be negligible, coal, (for example some varieties of Indian coal) may contain 
considerable amounts of ash. The sum of moisture, volatiles and ash percentages when 
subtracted from 100 gms give the proportion of the so called fixed carbon. The 
constituents given by the proximate analysis is generally used in design of a boiler and 
coal handling plant. 
 
(iii) Advantage & disadvantage of Reheat cycle 
 
Advantages of Reheat cycle: 
1. There is a limit to the degree of superheat due to metallurgical conditions; therefore, it 
is not possible to get all superheat in one stage. The inevitable effect of use of higher 
pressure in modern power plants is that, the saturation line is reached earlier during 
isentropic. There is heavy blade erosion due to the impact of water particles carried with 
the steam. Therefore, the reheating is essential in high pressure Modern power plants to 
increases the life of the plant. 
2. The reheating reduces 4 to 5% fuel consumption with a corresponding reduction in 
fuel handling. 
3. The reheat cycle reduces the steam flow of 15 to 17% which corresponding reduction 
in boiler, turbine and feed heating equipments capacities. This also reduces the pumping 
power in that proportion. 
4. The wetness of the exhaust steam with reheat cycle is reduced to 50% of Rankin 
cycle with a corresponding reduction in exhaust blade erosion. 
5. Lower steam pressure and temperature and less costly material can be used to obtain 
the required thermal performance. 
6. A reduction in steam volume and heat to the condenser is reduced by 7 to 8%. 
Therefore, the condenser size and cooling water requirement are also reduced by 
the same percentages. 
7. The size of the LP turbine blades is reduced because specific volume is reduced by 7 
to 8%. 
8. The advantages claimed for the reheat cycle are higher thermal efficiency, reduced 
feed pump power, smaller condenser, smaller boiler, long life of turbine and less 
handling of fuel and firing equipment. 
Disadvantages of Reheat cycle: 
1) The cost of extra pipes and equipments and controls makes this cycle more 
expensive than ordinary Rankine cycle. There fore, the minimum capacity of the plant 
must be 50 MW for the adoption of reheat cycle. 
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2) The greater floor space is required to accommodate the larger turbine (multicylinder) 
and reheat piping. 
3) The complexity of operation and control increases with the adoption of reheat cycle. 
 
(iv) Utility of NDT(Non destructive Testing). Name 5 important techniques.  
 
Utility of NDT(Non destructive Testing) : 
The RLA(Residual life assessment) through condition assessment followed by on 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 magnetic particle test, video 
imagescopy, oxide scale measurement, hydrogen embrittlement and any other specified 
tests.  
 
Name any 5 important techniques.  

1. DPT(Dye penetrant test ) 
2. Ultrasonic flaw detection test  
3. Magnetic particle inspection test  
4. Tensile & Flattening test  
5. Radiography  

 
Q.3  (i) State and explain Avagadro’s Law 
Answer :  

Avogadro's law states that, "equal volumes of all gases, at the same temperature and 

pressure, have the same number of molecules". 

For a given mass of an ideal gas, the volume and amount (moles) of the gas are directly 

proportional if the temperature and pressure are constant. which can be written as: 

 

Or     

where: 

V is the volume of the gas 

n is the amount of substance of the gas (measured in moles). 

k is a constant equal to RT/P, where R is the universal gas constant, T is the 
Kelvin temperature, and P is the pressure. As temperature and pressure are 
constant, RT/P is also constant and represented as k. This is derived from 
the ideal gas law. 
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Q.3  (ii) What are the function of instruments in power station. Name four Electrical 
and four Mechanical instruments used in Power Station. 
Answer :   
Function of instruments in power station : 

1. Maintaining an adequate margin from the safety and operational constraints,  
2.  Monitor these margins and the plant conditions, and provide immediate 

indications and permanent records,  
3.  Draw the attention of the operator by an alarm system to any unacceptable 

reduction in the safety margins and  
4.  Shut down the Plant, if the operating constraints are violated. 

Name of Electrical instruments  
Ammeter, Voltmeter, Wattmeter, Synchronous scope, Power factor meter, 
Ground detector, Energy meter etc. 

Name four Mechanical instruments  
Bourdon tube meter, Steam pressure gauge, Barometer, Manometer gauge, 
Thermometer, pyrometer, Thermocouple, Flow meter, Orsat apparatus, Level 
indicators etc. 

 
Q.3  (iii) Define “Accident” as per IBR act. What is the procedure to be followed for 
reporting of accident and repairs if needed. 
Answer :   

 
Reporting of accidents: 
(1) If any accident occurs to a boiler or steam-pipe, the owner or person in charge hereof 
shall, within twenty-four hours of the accident, report the same in writing to the Inspector. 
Every such report shall contain a true description of the nature of the accident and of the 
injury, if any, caused thereby to the boiler or to the steam-pipe or to any person, and 
shall be in sufficient detail to enable the Inspector to judge of the gravity of the accident. 
(2) Every person shall be bound to answer truly to the best of his knowledge and ability 
every question put to him in writing by the Inspector as to the cause, nature or extent of 
the accident. 
 
Q.3  (iv) Explain function of Boiler mounting and boiler accessories. Name 6 Nos. 
of each? 
Answer :  
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Q.3  (v)  What are the causes that contribute to increase in regenerant 
consumption in a DM Plant. 
Answer :   
Regeneration level is measured in grams of regenerant chemical (as 100% Hydrochloric 
Acid or Sodium Hydroxide) per litter of resin. The flow rate in the regeneration step is of 
critical importance, as it has a very marked effect on the capacities of the resin at all 
levels of regeneration. The regeneration efficiency of resin is the ratio between the  
exchange capacity and the Regeneration Level. 
 
Q.3  (vi)  What factors contribute to the overheating of Radiant superheater? How 
can flame impingement be avoided? 
Answer :  Even though the heat transfer takes place by both ways of radiation and 
convection, the ratio between them varies according to the location, temperature and 
velocity of flue gases at that location. The Superheater, which is located virtually above 
of the furnace, is designated as Radiant type. It is so called because mainly the heating 
surface of this type of Superheater receives heat by radiation process from the hot 
combustion zone. As the heat absorption is by Radiation this is located in high 
temperature region and its vertically hanging panels are widely pitched from one another 
to reduce the velocity of gas and increase the exposed area for absorption of heat by 
radiation. Also they are arranged in-line with least transverse pitch. Hence this type of 
Superheater is also termed as platen Superheater. They are also termed as pendent 
platen since they are hanging from roof. 
 
Flame impingement can be avoided by following way : 
1) By burner correctly centred. 
2) By avoided burner tip chocking. 
3) By atomized oil strike the furnace plate. 
4) By proper combustion takes place.  
Flame impingement is very much harmful to boiler components. It causes local 
overheating of the metal as water circulation is not fast enough to keep the temperature 
of the metal within the safe limits. Flame impingement on water tubes may cause 
bulging and subsequent rapture. 
Burner clearance 
Sufficient height between the top row of fuel nozzles and the furnace outlet must be 
provided especially in the case of coal fired boilers to obtain complete combustion in the 
furnace. This value ranges from 15 to 20 metres for large utility boiler. In the case of 
horizontal firing which is adopted mostly for industrial boilers the clearances between the 
burners, between the side walls and burner nose portions and burner should all be 
properly sized to avoid flame impingement on the walls and also flame embracing which 
is not desirable from the combustion and heat absorption point of view. 
 
Q.4  (i)  What factors influence the combustion of coal particles in a fluidized bed 
combustion? 
Answer :   

(i) Velocity of fluidizing particle. 
(ii) Bed temperature. 
(iii) Size of coal particle. 
(iv) Bed height & DP across air nozzle. 
(v) PA header pressure. 
(vi) Excess air level. 
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Q.4  (ii)  What method are there for preservation of boiler during shutdown? 
Explain any one of them. 
Answer :   
There are two methods of boiler preservation for during boiler shutdown : 

1. Wet preservation 
2. Dry preservation 

1. Wet preservation: 
If the boilers are required to be kept out of service, but are likely to be required as 
standby units, the wet method is a practical one, by which a unit could be made ready for 
service. In the wet method, the boiler is filled through the economiser with deaerated 
treated water to give the required alkalinity, and the boiler is fired with low sulphur fuel, 
and steamed in service so that the boiler water will be circulated to secure uniform 
concentration throughout the unit, and the oxygen eliminated from the water. The boiler 
load should then be reduced slowly and the water level raised as high in the gauge glass 
as its consistent with safe operation, while delivery some steam a concentration of 100 
ppm of hydrazine should be maintained for preventing oxygen corrosion. When air cocks 
reveal no pressure in the boiler, and before a vacuum can be produced, the boiler should 
be filled in by deaerated water, until water spills over and fills the superheater using a 
high point air vent, such as pressure gauge connection as an indicator. The drum air 
cock should be connected to a surge tank located above the steam drum to ensure 
positive pressure and prevent ingress of air to the boiler, thus compensating for 
volumetric changes due to temperature. 
After firing the boiler, the setting should be closed and maintained in a closed condition. 
Periodical inspections may be carried out to observe if condensation has occurred on 
external surfaces, and if this happens, heating devices may be placed at convenient 
points to keep metal surfaces above dew point. In wet storage, the boiler must be 
protected from frost. If the ambient temperature is likely to be dropped to freezing point, 
this type of storage must be avoided. 
A protective coating should be applied to auxiliary equipment. All moving parts should be 
rotated once in a week and also electrical equipment attended to. Oil lubricated bearings 
should also be attended to as suggested by the manufacturers for the equipment not in 
use. Generally gearboxes and such applications are drained and cleaned, and filled with 
medium viscosity oil excluding air. 
Boiler connections should be checked for leakages and water samples analyzed. If 
hydrazine concentration has dropped below 50 ppm, chemicals should be injected to 
bring the concentration to normal after lowering the level. The boiler should then be 
steamed sufficiently to circulate the water added with chemical and the procedure 
followed as stated above. In any case, if the boiler is to be stored for unduly long 
periods, it should be emptied and inspected for corrosion defects. 
 
2. Dry preservation: 
For dry storage the boiler must be cleaned properly and dried thoroughly, since the 
moisture may cause corrosion of metal surfaces. Precaution must be taken to prevent 
entry of moisture in any form, from steam, feed and air lines. For this intent moisture 
assimilating material such as quick lime at the rate of 0.9 kg (2 lb) or silica gel at the rate 
of 4.5 kg (10 lb) for 4546 litres (1,000 gallons) capacity, should be placed on trays inside 
the boiler shells or drums to absorb moisture from the air. The manholes should then be 
closed and all connections on boilers tightly banked. The serviceability of the materials 
for such purposes and their replacement may be judged through regular internal boiler 
inspections. Alternatively, dried air may be circulated through the boiler. 
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Q.4  (iii)  Find the allowable working pressure in a fire tube boiler 2.5 meter in 
diameter. The tube thickness is 2.5mm. Assume that longitudinal stress is not to 
exceed 10kgf/cm2. 
 
Solution :  Please refer our study material Part-A(Question No.59). 
 
Q.5  (i)  During an engine trial , the gas as used was tested in a calorimeter and 
gave the following results 
20 Liter(0.02M3) of Gas at pressure 50mmhg above atmospheric pressure of 
740mmhg and temperature 18*C was burned, which raised the temperature of 10.2 
kg of water from 16*C to 24.5*C and the steam formed was condensed to 20gm of 
water. Calculate the higher & lower calorific values per cubic meter of the gas at a 
temperature of 0*c an pressure of 760mmhg(NTP). Take the heat liberated in 
condensing the water vapour(steam) an cooling the condensate as 2520KJ/Kg an 
specific heat of water as 4.187Kj/kg*K. 
 
Solution : 
Higher calorific value 
H.C.V. =  (Weight of water collected in kg x temperature rise in *C) 

Volume of gas burnt in cu M at STP 
=10.2x(24.5-16)/0.02 
HCV=4335 Kcal/Kg 

Lower Calorific value 
L.C.V = H.C.V.- (Wt. of condensate in kg x(Total heat recovered from condensate)  

Volume of gas burnt in m3 at STP 
=4335-{0.02x(2520/4.187)/0.02} 
=4335-601.86 
LCV=3733.14 Kcal/kg 
 

Q.5  (ii)  The percentage composition of a sample of coal on mass basis is as 
follows Carbon 85%,Hydrogen 12%, Oxygen 3% 
(a) Determine the minimum air required for complete combustion of 1kg of coal. 
(b) If Air supplied is 1.5times the minimum air required, calculate the mass of dry 
product of combustion per kg of coal burned. 
© The heat carried away by the dry product of combustion leaving the boiler per 
kg of fuel burned. 
Given average specific heat of dry flue gas is 1.005 Kj/kg*K and temperature of 
flue gas is 375*C and boiler house temperature is 25*C. 
 
Solution : 
Given that,  Carbon=85%,Hydrogen=12%,Oxygen=3%  
 
Theoretical air requirement for complete combustion of 1 Kg of coal  
=100/23x(2.67C+8H+S-O)  
=100/23x(2.67x0.85+8x0.12+0-0.03)  
=4.35x3.1995 
=13.92 kg of air per kg of coal burnt (Answer) 
While Excess air is 50% ,hence actual air requirements  
=1.5x13.92 =20.88 kg of air per kg of coal burnt  
Total excess air quantity  
=20.88-13.92 =6.96 kg/kg of coal  
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Total product is of combustion here includes CO2,H2O,Excess O2,N2.  
To find the products of combustion is,  
(i) Weight of CO2 formed per kg of coal= 3.67xC=3.67X0.85=3.1195Kg  

(ii) Weight of H2O formed per kg of coal=9XH=9x0.12=1.08Kg  

(iii) Weight of Excess O2 per kg of coal=0.23x6.96=1.6008Kg  

(iv) Weight of N2 per kg of coal= 0.77x20.88=16.0776Kg  
 
Out of 4 combustion product H2O is not considered in dry product of combustion.  
Hence Dry flue gas of combustion consist of CO2,Excess O2,N2.  
Therefore total weight of dry flue gases  
w= 3.1195+1.6008+16.0776  
=20.7979 kg/kg of coal burnt (Answer) 
 
Heat loss through dry flue gas  
=wxCpxΔT  
=20.7979x1.005x(375-25)  
=7312.88 KJ/kg of coal  
 
Heat carried away by dry flue gases of combustion  
=heat carried away per kg of moisture in flue gas x weight of H2O formed per kg of coal  
=2940x1.08  
=3175.2 KJ/Kg  
 
Total heat loss per kg of coal for heat carried away by flue gases  
=7312.88+3175.2 
=10,488 KJ/Kg*K (Answer) 
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