
 

Objective Type 
 

Each question carries One mark 
 

1. Specific heat in kCal/kg -
0
C of fuel oil is in the range of 

 

a) 0.15 – 0.20   b) 0.22 – 0.28    c) 0.29 – 0.32 d) none of the above 

2. Grade B Indian coal has a energy content range (in kcal/kg) of 

 

a) 3360-4200    b) 4200-4900  c) 4940-5600     d) 5600-6200 

3. Which of the following fuel requires maximum air for stochiometric combustion? 

 

a) Butane        b) Propane  c) Hydrogen        d) Coal  

4. Stochiometric air required for combustion of Bagasse is about 

 

a) 13.7         b) 3.2  c) 6         d) 18 

5. Which fuel releases the most energy per kg on complete combustion 

 

a) Carbon        b) Sulphur  c) Nitrogen        d) Hydrogen 

6. How many kg of CO2   are produced in complete combustion of 16 kg of Methane?  

 

a) 42         b) 44  c) 16        d) none of the above  

7. In flue gas the theoretical CO2 is 15.5% and measured CO2 is 11% by volume. The 

percentage of excess air will be 

 

a) 40.9%        b) 38.7 %  c) 240.9 %        d) 140.9 % 

8. The lowest excess air is required in a  

 

a) coal burner     b) low pressure oil burner         

c) high pressure gas burner  d) high pressure oil burner 

9. Which of the following is not measured in ultimate analysis? 

 

a) carbon      b) sulphur          c) hydrogen        d) ash  

10. With increase in the percentage of excess air for combustion of coal, percentage of 

CO2 in flue gas. 

 

a) increases    b) decreases     c) remains same         d) none of the above 

11. Which of the following requires the least amount of oxygen /kg  for complete 

combustion 

 

a) Carbon      b) Sulphur         c) Hydrogen        d) Methane  

12. Which of these fuels has the highest heating value? 

 

a) Methane    b) Hydrogen        c) Diesel       d) LPG 



13. LPG is predominantly the mixture of Propane and ___ 

 

a) Methane     b) Ethane          c) Butane        d) Isopropane 

14. Natural gas consists of mainly the following 

 

a) Ethane    b) Methane        c) Propane                   d) Butane 

15.     is required for the simple estimation of flame temperature of the fuel. 

 

a) Ultimate analysis 

b) Proximate analysis 

c) Size of the coal 

d) All of the above 

16. The large difference between GCV and NCV of gaseous fuels is due to their  

 

a) large moisture content   b) negligible moisture content   c) low hydrogen 

content    d) large hydrogen content  
 

17. Which of the following contributes to spluttering of flame at burner tip during 

combustion of fuel oil?  

 

a) ash content    b) water content    c) sulphur content   d) humidity of air  
 

18. For coal fired system the flame length is dictated by  

 

a) moisture   b) volatile matter   c) ash content    d) fixed carbon  
 

19.  Which one of the following is not true with respect to the role of nitrogen in the 

combustion of any fuel  

 

a) produces oxides of nitrogen  

b) reduces the volume of combustion by-products  

c) dilutes the flue gases  

d) carries useful heat in flue gases  

 
 

20. Which one of the following fuel has the highest hydrogen content and lowest 

sulphur content  

 

a) coal            b) fuel oil               c) natural gas                         d) LSHS  
 

21. For stoichiometric combustion of 1 kg of carbon, the required amount of air will be 

about  

 

a) 31 kg                       b) 21 kg                        c) 11.6 kg                 d) 2.67 kg  

22. The stoichiometric air to natural gas ratio by volume for complete combustion is  

 

a) 14-15               b) 7-8            c) 9.5-10.5           d) none of the above  

23. How much kg of SO2 is produced in complete combustion of 32 kg of sulphur?  



a) 16                   b) 32                   c) 64                       d) 128  

24. 100 kg of a fuel contains 3% sulphur. For complete combustion of sulphur in the 

fuel it will require _________kg of oxygen 

 

  a) 3                              b) 6                         c) 30                          d) 103 

25. Which property indicates the lowest temperature at which fuel oil is readily 

pumpable? 

 

a) flash point       b) pour point      c) specific heat          d) specific volume 

26. The factor that influences atomisation of fuel oil is 

 

a) viscosity              b) density           c) flash point                d) pour point 

27. Which of the following is not measured in ultimate analysis? 

 

a) carbon                   b) sulphur              c) hydrogen               d)moisture 

28. The unit of specific gravity in SI system is 

 

a) kg/ m
3 

                  b) m
3
/kg                 c) gm/cc            d) none of the above 

29. The density of a substance relative to water is called 

 

a) viscosity         b) specific gravity   c) dew point             d) pour point 

30.  Liquid fuel density is measured by an instrument called  

 

a) tachometer    b) hydrometer        c) anemometer          d) none of the above  
 

31. The material used to control SOx in the FBC boiler is 

 

a) lime       b) alumina                 c) silica                       d) limestone 

32. The low combustion temperature in FBC boilers results in minimal formation of 

 

a)  CO   b) SOx       c) NOx       d) CO2  

33. Demineralisation of water is the process to remove  

 

a) dissolved oxygen     b) dissolved salts    c) carbon-dioxide     d) chlorine 

34. Good opportunity for energy savings from continuous blow down of boiler is by  
 

 a) recovery of flash steam for use in deaerator  

 b) using the blow down steam to run steam turbine 

 c) reusing the hot water so formed as make-up water 

            d) none of the above 

35. Which of the following benefits is not achieved by maximizing condensate 

recovery? 
 

a) minimization of boiler exit flue gas temperature   

b) maximization of boiler output   



c) reduction in water treatment costs      

d) reduction in energy input costs   

36. Which data is not required to calculate the efficiency of boiler by indirect method? 

  

a) flue gas temperature  b) ambient temperature  

c) calorific value of fuel  d) blow down rate 

37. Radiation losses from a boiler practically 
 

a) increase with increase in its % loading  

b) decrease with increase in its % loading  

c) are independent of its % loading   

d) none of the above. 

38. The efficiency of a typical FBC boiler is of the order of 

 

a) 80%  b) 30%  c) 40%  d) 70%  

39. Fluidized bed combustion takes place in the temperature range of 

 

a) above 1000
0
C           b) below 500

0
C              c) 600-700

0
C     d) 800-900

0
C 

40. An oil fired boiler is operating at 5% O2 in the flue gas. The percentage excess air 

supplied to the boiler is approximately 

 

a) 15 %                 b) 25 %     c) 31 %     d) 42 % 

41. Pick the boiler, which can be considered as most combustion efficient?   
 

a) fluidized bed combustion boiler b) lancashire boiler 

c) stoker fired boiler   d) chain grate boiler 

42. The type of firing used for a pulverized coal fired boiler is  
 

a) over firing    b) tangential firing 

c) vertical firing   d) mixed firing for effective heat transfer 

43. The percentage raise in boiler efficiency by a 20
o
C raise in combustion air 

temperature is 

 

a)  0.1%  b)   0.2% c)    10% d) 1% 

44. In FBC boiler the combustion is carried out at a temperature   
 

a) closer to steam temperature  

b) at adiabatic combustion temperature 

c) at and above ash fusion temperature     

d) below ash fusion temperature of fuel used 

45. Reverse osmosis for water treatment involves  

 

a) removal of total salts  b) removal of only hardness causing salts 

c) removal of alkali salts  d) removal of non-hardness salts 

46. Which of the following is not required in the boiler efficiency evaluation by direct 



method 

 

a) steam flow    b) fuel flow   c) feed water temperature   d) O2 % in flue gas 

47. Which data is not required to calculate the efficiency of boiler by indirect method? 
  

a) flue gas temperature  b) ambient temperature  

c) calorific value of fuel  d) blow down rate 

 

48. The efficiency of a boiler was improved from 70% to 80%. The % fuel savings 

achieved are 

 

a) 12.5%             b) 18%             c) 25%              d) none of the above 

49. Which of the following is the best way to assess boiler losses? 

 

a) benchmarking evaporation ratio     b) indirect efficiency evaluation 

c) direct efficiency evaluation             d) none of the above 

50. What is the appropriate fuel size in a coal fired FBC boiler? 
 

a) 25-50 mm                b) 50-75 mm            c) 6-10 mm         d) less than 5 mm 

51. The waste heat boiler application is not suitable for which of the following? 

 

a) gas turbine             b) diesel engine          c) furnaces              d) dryers 

52. Removal of dissolved gases from the boiler feed water is called 

 

a) descaling          b) deaeration          c) deoxidation          d) none of the above 

53. Which of the following boiler type has the lowest permissible boiler drum TDS 

concentration? 

 

a) low pressure water tube boiler    b) fire tube boiler    c) Lancashire boiler      

d) all of the above 

54. In a CFBC boiler, the capture and recycling of bed materials is accomplished by 

 

a) bag filters          b) settling chamber          c) cyclone          d) scrubber system 

55. The limit to reduction of stack temperature in an oil fired boiler is influenced by  
 

a) oil temperature          b) air temperature          c) % carbon in oil      

d) % sulphur in oil 

56. The type of boiler in which water passes through the tubes and hot gases pass 

outside the tubes is known as; 
 

a) water tube  b) fire tube c) packaged boiler d) none of the above                       

 

57.  F & A (from and at) rating of the boiler is the amount of steam generated from; 

 

a) water at 0 ºC to saturated steam at 100 ºC        



b) water at feed water temperature to saturated steam at 100 ºC   

c) water at 100 ºC to saturated steam at 100 ºC  

d) water at ambient temperature to saturated steam at 100 ºC  

58. A supercritical boiler has parameters beyond critical point which refers to; 

 

a) 221.2 bar (a) pressure and 374.18 
0
C temperature  

b) 246 bar (a) pressure and 538 
0
C temperature  

c) 306 bar (a) pressure and 598 
0
C temperature  

d) 170 bar (a) pressure and 538 
0
C temperature  

59. A rise in conductivity of boiler feed water indicates  
 

a) drop in the total dissolved solids in boiler water            

b) more steam generation   

c) rise in the total dissolved solids in boiler water             

d) greater purity of feed water    

60. A coal fired FBC boiler can operate at ___ excess air 

 

a) 3 – 4 %                 b) 20 -25 %            c)  30 – 40 %           d) 10 – 15 % 

61. ____________ is predominantly used as a medium for soot blowing in boilers  

 

a) compressed air   b) steam 

c) high pressure water  d) all of the above 

62. The recommended TDS level for package fire tube boilers is 

 

a) 10,000 ppm        b) 5,000 ppm      c) 2,000 ppm       d) 3,000 ppm 

63. In an oil fired steam boiler the air to fuel ratio is 15:1 & evaporation ratio is 14:1. 

The flue gas to fuel ratio will be 
 

a) 29:1             b) 16:1               c) 14:1            d) 15:1 

64. A boiler generates 5 TPH of steam at an efficiency of 78 %. The enthalpy added to 

steam in the boiler is 580 kcal/kg. The fuel consumption with a GCV of 4200 

kcal/kg is 
 

a) 885 kg/hr               b) 985 kg/hr              c) 1038 kg/hr             d) 1200kg/hr 

65. Automatic blow down controls for boilers work by sensing 

 

a) dissolved gases  b) dissolved solids  c) pH    d) conductivity and pH 

66. Dissolved CO2 in boiler feed water when left untreated would result in occurrence 

of _____in boiler tubes 
 

a) creep          b) water side corrosion  c) scale  d) water hammer 

67. Recommended boiler feed water pH value at 25
o
C is --------- 

 

a) 8.0 - 9.0  b) 5.2 - 6.2   c) 9.8-10.2   d) 10-10.5 

68. Which of the following is not applicable in the preservation of boiler by dry 



method? 

a) un-slacked lime    b) activated alumina 

c) anhydrous calcium chloride  d) hydrazine 

69. Which one of the following is true of a water softening process? 
 

a) It reduces hardness but not TDS   b) It reduces both hardness and TDS 

c) It reduces TDS but not hardness   d) None of the above 

70. Soot deposit in boiler tubes is predominantly due to 

a) poor water treatment   b) low steam pressure 

c) incomplete combustion   d) high excess air 

71. Which of the following fuel fired steam boiler will have the least evaporation ratio? 
 

a) coconut shell  b) natural gas   c) oil   d) rice husk 

72. The largest heat loss in the heat balance of a coal fired boiler is due to 

a) dry flue gas loss   b) loss due to hydrogen in the fuel  

c) radiation losses   d) moisture in the air 

73. Water treatment for steam boilers is generally required to 

a) remove hydrogen     b) prevent scale formation  

c) help improve combustion efficiency  d) reduce stack temperature 

74. Which of the following salt causes temporary hardness in water? 

a) calcium sulphate   b) calcium bicarbonate  

c) calcium chloride   d) calcium nitrate 

75. Which of the following can be used as desiccant in boiler preservation? 
 

a) silica gel  b) activated carbon  c) un-slaked lime  d) all of the above 

76. Which of the following boiler water treatment ensures complete removal of salts? 

 a) demineralization  b) softening  c) de-aeration   d) all of the above 

77. Which of the following boiler utilizes the combination of suspension firing and 

great firing? 
 

a) traveling grate stoker boiler   b) packaged boiler  

c) spreader stoker boiler    d) pulverized fuel boiler 

78. Which of the component is common to supercritical boiler and sub critical boiler for 

power generation? 

a) economizer  b) water walls   c) re-heaters   d) all of the above 

79. Chemical used for dozing in boiler drum to reduce dissolved gases is  

a) hydrazine  b) chlorine  c) alum  d) all of the above  

80. In a boiler Air preheater is installed  
 

a) Before the economizer   b) after economizer  

c) after ESP     d) Before superheater  

81.  The steam pressure drop in a steam pipe is inversely proportional to the _____ of 

pipe diameter  

a) 4
th

 power    b) 6
 th

 power          c) 5
 th

 power  d) none of above 

82.  In a Mollier diagram, the point at which the saturated liquid and saturated vapour 

lines meet is known as the;  



 

a) vapour point       b) liquid point  c) critical point    d) sub-critical point 

83.  The best quality of steam for indirect process heating is;  

a) dry saturated steam     b) super-heated steam   c) wet steam     

d) super critical steam 

84.  In a steam system, the purpose of venting air is because air is a;    

a) good conductor b) inert substance c) dilutant  d) insulator 

85.  Latent heat at the critical point of a steam phase diagram is; 

a) 640 kCal/kg  b) zero   c) 540 kCal/kg  d) 584 kCal/kg                               

86.  Velocity of steam in steam pipe is directly proportional to; 

a)  number of bends in pipe   b) specific volume of steam  

c)  length of pipe   d) diameter of the pipe 

87.  As the pressure of steam increases from 4 kg/cm
2
 to 8 kg/cm

2
, the value of total 

enthalpy and latent heat of steam respectively; 

a) increases & remains the same          b) increases & decreases  

c) decreases & increases    d) decreases & remains the same 

88.  The difference in temperature between steam and condensate refers to the principle 

of operation of a;  

a) thermodynamic trap      b) thermostatic trap    c) orifice type trap   d) float trap 

89.  The working media in a thermocompressor is  

a) electricity       b) compressed air      c) high temperature oil       d) steam  

90.  Which of the following does not contribute to steam savings 

a) insulation of steam pipe lines      b) superheated steam for indirect process heating  

c) providing dry steam for process  d) none of the above 

91.  Flash steam can be recovered from  

a) superheated steam                                         b)  saturated steam   

c) high pressure condensate                              d) condensate at atmospheric pressure                 

92.  Which of these is not true of ‘critical point’ of steam/water mixture? 

a) the temperature at critical point is 374.15
o
C  

b) the pressure at critical point is 221.2 bar 

c) saturated liquid and saturated vapour lines meet at critical point                                                     

d) enthalpy of evaporation is maximum at critical point 

93.  The head loss due to friction in a pipe is  

a) directly proportional to the diameter  

b) directly proportional to the gravitational constant 

c) inversely proportional to the velocity  

d) directly proportional to the square of velocity                               

94.  Select the wrong statement with respect to steam traps 

a) discharges condensate as soon as it is formed    

b) does not allow steam to escape 

c) capable of discharging air and other incondensable gases                   

d) does not allow condensate to escape 

95.  An increase in the steam pressure from 3  bar to 10 bar, will result in a decrease of    



a) sensible heat   b) enthalpy of steam  c) saturation temperature   d) specific volume 

96.  Saturated steam when throttled to a lower pressure results in  

a) wet steam   b) super-heated steam   c) super critical steam   d) same state of steam 

97.  Steam mains are run with a slope primarily to 

a) avoid water hammer               b) increase the velocity of steam 

c) avoid condensation of steam d) reduce radiation and convection losses 

98.  If 10% air is entrained in a steam system at 3 kg/cm
2
 g then the saturation 

temperature of steam will be  

a) less than the saturation temperature at 3 kg/cm
2
 g 

b) more than the saturation temperature at 3 kg/cm
2
 g 

c) equal to the saturation temperature at 3 kg/cm
2
 g 

d) equal to the saturation temperature at 3.3 kg/cm
2
 g 

99.  Select the incorrect statement with respect to steam 

a) evaporation is a constant temperature process 

b) higher the pressure higher is the steam saturation temperature 

c) higher the pressure higher is the latent heat 

d) latent heat at critical point is zero 

100.  The working fluid for thermo compressor is 

a) low pressure steam                            b) high pressure steam 

c) compressed air                                   d) waste heat from chimney 

101.  Steam at 4 bar has sensible heat of 144 kcal/kg and latent heat of 510 kcal/kg. If the 

steam is 90% dry than the total enthalpy of steam in kcal/kg is 

a) 588              b) 654                        c) 603                        d) 459 

102.  For transporting steam to a long distance, the most suitable among the following 

will be 

a) slightly superheated steam                   b) dry saturated steam 

c)      mildly wet steam                                  d) high pressure steam 

103.  In a steam system, the purpose of air venting is because air  

a) is a good conductor          b) acts as insulator                 c) is inert         d) is diluent  

104.  The inverted bucket trap operates on the principle of _______ difference between 

water and steam  

a) pressure             b) density            c) temperature                   d) velocity  

105.  In a pressure reduction valve, which of these does not change?  

   a) Temperature                              b) Pressure  

   c) Enthalpy                                    d) None of above  

106.  Which trap is preferred in discharge of condensate recovery from process 

equipment?  

 a) Float trap                                   b) Thermodynamic trap  

 c) Thermostatic trap                       d) All of the above  

107.  In industrial applications the commonly used trap for main steam lines is 
 

a) thermostatic trap b) inverted bucket trap 

c) thermodynamic trap                             d) open bucket trap 



108.  Steam mains should be run with a falling slope of … in the direction of steam 

flow for effective line condensate drainage 

a) 50 mm in 30 meters                        b) 125 mm in 30 meters 

c) 250 mm in 30 meters               d) 350 mm in 30 meters 

109.  Heat loss through furnace openings is directly proportional to; 

a) fourth power of furnace temperature            

b) fourth power of absolute furnace temperature       

c) absolute furnace temperature             

d) square of absolute furnace temperature       

110.  What is the most effective way to avoid ambient air infiltration into a fuel fired 

furnace;  

a) slight negative pressure should be maintained     

b) operate at about 90% capacity 

c) increase the chimney height                   

d) slight positive furnace pressure should be maintained 

111.  Which loss is the highest in a typical forging furnace operating at 1300 
o
C? 

a) flue gas loss    b) wall loss   c) cooling water loss       

d) unavoidable opening loss 

112.  Scale losses in a reheating furnace will; 

a) increase with CO in combustion gases  b) increase with excess air      

c) have no relation with excess air   d) decrease with excess air 

113.  Which of the following is not a property of ceramic fibre insulation? 

a) low thermal conductivity              b) light weight           

c) high heat capacity                       d) thermal shock resistant  

114.  In a reheating furnace, soaking time of a cycle depends typically on; 

a) excess air level                                        b) preheat temperature of charge          

c) thickness of the charged material            d) furnace atmosphere  

115.  Heat transfer in a furnace is effected by  

a) radiation from flame                   

b) radiation from furnace walls    

c) convection due to movement of hot gases over the stock             

d) all of the above 

116.  In an oil fired heat treatment furnace which of the following is not required to 

determine its efficiency by direct method 

a) weight of input material   b) oxygen percentage in flue gas  

c) fuel consumption                          d) calorific value of fuel  

117.  Which of the following may not help in energy efficient furnace operation? 

a) maintaining a positive draft inside the furnace      

b) minimizing refractory losses 

c) complete combustion with maximum excess air        

d) use of  ceramic fibre in batch type furnace 

118.  Select the wrong statement with respect to furnace operations 



 

a) the burner flame should not touch the stock                 

b) air infiltration leads to oxidation of billets 

c) ceramic fibre linings are used in the exterior of the furnace           

d) heat loss through openings is proportional to T
4
     

119.  The balance draft furnace is one using 

a) induced draft fan and chimney                           

b) induced draft fan and forced draft fan 

c) forced draft fan and chimney                              

d) without induced and forced draft fans 

120.  Tuyeres is a terminology associated with 

a) induction furnace      b) pusher type furnace      c) arc furnace         d) cupola 

121.  Instrument used for measuring billet temperature in a reheating furnace is ___. 

a) thermograph                    b) infrared pyrometer 

c) Pt/Pt-Rh thermocouple with indicator  

d) chrome alumel thermocouple with indicator 

122.  Heat transfer in a reheating furnace is achieved by 

a) Conduction        b) Convection            c) Radiation                  d) All of the above 

123.  The storage heat losses in a batch type furnace can be best reduced by 

a) insulating brick         b) ceramic fibre          c) cold face insulation            d) fire 

brick 

124.  Ideal furnace for melting & alloying is 

a) induction furnace                                b) cupola furnace 

c) rotary hearth                                       d) recirculating bogie furnace 

125.  Commonly used flux medium in a cupola furnace 

a) calcium carbide                             b) fluorspar 

c) calcium carbonate                         d) sodium carbonate 

126.  Which property of ceramic coating influences energy savings in furnaces? 

 a) emissivity                                b) coating thickness 

 c) conductivity                             d) convective heat transfer coefficient 

127.  What is the predominant mode of heat transfer in reheating furnaces?  

a) convection          b) radiation              c) conduction               d) pulsation  
 

128.  Furnace wall heat loss does not depend on ______  

a) temperatures of external wall surfaces  

b) velocity of air around the furnace  

c) thermal conductivity of wall brick  

d) material of stock to be heated.  

129.  Scale losses in reheating furnaces will  

a) increase with excess air                       b) decrease with excess air  

c) have no relation with excess air           d) increase with CO in combustion gases  

130.  In which zone of cupola furnace does the conversion of CO2 to CO take place?  

a) combustion zone          b) melting zone    c) reduction zone     d) preheating zone  

131.  Furnace wall heat loss depends on  



 

a) temperatures of external wall surfaces  

b) velocity of air around the furnace  

c) thermal conductivity of wall brick  

d) all of the above  

132.  Ceramic fibre gives the maximum energy savings when used in 

a) continuous furnace b) batch furnace 

  c) arc furnace                                                     d) induction furnace 

133.  Furnace wall heat loss does not depend on 

a) temperature of external surface                b) temperature of air around the furnace  

c) emissivity of external wall surface           d) stock to be heated 

134.  Which of the energy saving measures will not be applicable for a heat treatment 

furnace 

a) complete combustion with minimum excess air  

b) waste heat recovery from the flue gases  

c) optimum capacity utilization  

d) heat recovery from furnace openings 

135.  In a Heat exchanger with a high LMTD results in 

a) higher heat transfer area b) lower heat transfer area 

c) higher u-factor d) none of the above 

136.  In a counter-flow heat exchanger, cold fluid enters at 30°C and leaves at 50°C, 

whereas the hot fluid enters at 150°C and leaves at 130°C. The LMTD is 

a) 100°C b)  280°C c) 0°C d) 20°C 

137.  In a heat exchanger, for the same heat duty, higher the heat transfer coefficient; 

a) higher will be the heat transfer area needed 

b) higher will be the LMTD 

c) lower will be the heat transfer area needed 

d) lower will be the LMTD 

138.  The parameter assumed to remain constant during LMTD calculation of a Heat 

exchanger is 

a) temperature drop b) heat transfer area 

c) specific heat of fluids d) none of the above 

139.  Deaerator is a  Heat exchanger. 

a) Shell and tube type b) Plate type 

c) Direct contact type d) Run Around Coil type 

140.  A shell and tube heat exchanger is most suitable if  

a) a liquid is heating another liquid 

b) a gas is heating another gas 

c) a gas is heating a liquid 

d) the hot gas is loaded with dust 



141.  Economizer in boiler is used to extract heat from flue gases for pre-heating  

a) blow down                                            b) fuel oil 

c) air for combustion of fuel                     d) feed water  

142.  Which of the following depends on physical properties of fluids as well as geometry 

of the heat exchanger? 

a) Overall heat transfer coefficient          

b) Fouling coefficient 

c) LMTD (Log Mean Temperature Difference) 

d) Effectiveness 

143.  A waste heat recovery system (Shell and Tube heat exchanger) receives hot fluid at 

200°C and leaves at 70°C, cold medium enters at 30°C and leaves at 90°C, the type 

of flow involved in this is  

a) cross-flow                                            b) co- current flow 

c) counter-current flow                         d) none of the above 

144.  Corrosion in stack, Air Pre-Heater, Economizer is mainly influenced by    

a) Sulphur content in fuel                            b) Ash content in fuel 

c) Moisture content in fuel                             d) All of the above 

145.  Which of the following waste heat recovery systems is of thermal storage type? 

a) ceramic recuperator b) metallic recuperator 

c) regenerative burner                              d) waste heat boiler 

146.  Radiation recuperators are used when the furnace flue gas temperature is more than 

a) 200ºC         b) 800ºC            c) 600ºC   d) 400ºC  

147.  Regenerator is used mainly along with a 

a) boiler b) high temperature furnace 

c) compressor d) gas turbine 

148.  Which of the following heat recovery equipment works on a vapour compression 

cycle? 

a) thermo-compressor              b) heat wheel 

c) heat pump                         d) heat pipe 

149.  In a heat pump 

a) work is added to improve quality of waste heat 

b) heat is added to improve quality of waste heat 

c) steam is added to improve quality of waste heat 

d) air is added to improve quality of waste heat 

150.  Heat wheels are mostly used in a situation of…. 

a) high temperature exhaust gases  

b) heat exchange between large masses of air having small temperature 

differences 

c) heat transfer between a liquid and gas 

d) corrosive gases 

151.  If the volatile matter in coal is low, which of the following equipment is the best 

waste heat recovery option in a boiler 

a) economiser b) air preheater c) deaerator d) heat pipe 



152.  The major limitation of metallic recuperator is ------- 

a) limitation of handling COx, NOx etc. 

b) limitation of reduced life for handling temperature more than 1000
o
C 

c) manufacturing difficulty of the required design 

d) none of the above 

153.  The heat recovery device in which high conductivity bricks are used for storing 

heat is 

a) heat pipe                                  b) heat pump  

c) thermo compressor d) regenerator 

154.  Bottoming cycle cogeneration is characterised by 

a) Heat first power later     

b) Only Heat 

c) Power First and Heat Later 

d) Only Power 

155.  The efficiency of which of the following turbine systems is the highest 

a) condensing                                            b) back pressure             

c) double extraction condensing               d) extraction condensing 

156.  A waste heat recovery steam generator is used with 

a) steam turbines                     b) back pressure turbines  

c) gas turbines                         d) condensing turbines 

157.  Combined cycle is a combination of  

a) conventional boiler first followed by cogeneration system 

b) Brayton cycle first followed by a standard Rankine cycle 

c) Rankine cycle first followed by a Brayton cycle 

d) extraction in the first portion and then a condensing cycle 

158.  The efficiency of a stand-alone gas turbine without any heat recovery system will be 

in the range of 

a) 10 –15 %     b) 15 –20 %            c) 20 – 25 %           d) 35 – 40 % 

159.  A chemical plant needs steam at 3 bar and 10 bar in addition to electric power. The 

most suitable co-generation choice among the following will be 

a) extraction cum condensing                  b) condensing turbine 

c) back pressure turbine                           d) extraction cum back pressure turbine 

160.  Power is to be generated from a cement kiln exhaust gas. The applicable type of 

cogeneration is called 

a) topping cycle                      b) Carnot cycle 

c) bottoming cycle                     d) Brayton cycle 



161.  The Brayton cycle is a characteristic of 

a) steam turbine                              b) petrol engine 

c) gas turbine                             d) none of the above 

162.  Recuperator as a waste heat recovery system is used mainly in a 

a) boiler b) reheating furnace 

c) compressor d) gas turbine 

163.  The device used for recovering waste heat from the textile drier exhaust 

a) heat wheel                                         b) recuperator 

c) economizer                                         d) regenerator 

164.  In the context of cogeneration turbine, the thermodynamic process taking place is 

a) expansion                                         b) condensation 

c) contraction                                        d) both (a) & (c) 

165.  Which of the following works on a refrigeration cycle? 

a) heat pipe                                     b) heat wheel 

c) heat pump                                     d) thermo compressor 

166.  Wick in heat pipe is provided to facilitate 

a) forward movement of hot vapors  

b) forward movement of hot liquid  

c) return of condensed liquid 

d) return of hot vapors 

167.  Which of the following requires electrical energy for equipment operation? 

a) thermo compressor b) heat pump  

c) heat pipe d) economizer 

168.  Ceramic recuperators can withstand gas side temperature up to 

a) 400
o
C            b) 1300°C                 c) 1000

o
C            d) 1700

o 
C 

169.  The waste heat recovery equipment in a combustion system will be more 

economical when the exit flue gases are at a temperature of 

a) 200
o
C             b) 400

o
C                 c) 600

o
C          d) 800°C  

170.  Which among the following uses a sealed working fluid for heat recovery  

a) heat pipe              b) recuperator             c) heat wheel         d) thermocompressor 

171.  The device that upgrades a low temperature heat source to a higher temperature sink 

is called  

a) heat pipe             b) heat pump          c) plate heat exchanger        d) economizer  

172.  A heat pipe can transfer up to ____ times more thermal energy than copper 

a) 10  b) 20   c) 50  d) 100 

173.  In an industry, exhaust gas from the furnace is used for power generation by 

installing waste heat recovery steam boiler and a steam turbine. This type of co- 

generation is termed as 

a) combined cycle                            b) Brayton cycle 

c) topping cycle                               d) bottoming cycle 



174.  A power plant which uses first a gas turbine followed by a steam turbine for power 

generation is called 

a) topping cycle                              b) combined cycle 

c) Brayton cycle                             d) bottoming cycle 

175.  A cycle which generates electricity or mechanical power first is called  

a) bottoming cycle                          b) topping cycle      

c) combined cycle                             d) cogeneration  

176.  The effectiveness of a heat exchanger does not depend on  

a) specific heat of hot fluid b) specific heat of cold fluid 

c)  inlet temperature of hot fluid                      d) LMTD 

177.  The exhaust from which of the following is not suitable for waste 

heat boiler application? 

a) gas turbine b) hot air dryer c) diesel engine d) furnace 

178.  Maximum heat transfer to the stock in a reheating furnace is by  

a)  radiation         b) conduction           c) convection            d) none of these 

179.  Example for basic type of refractory is 

a) chrome                            b) chrome magnesite   

c) alumina                           d) all  the above 

180.  The most common refractory used in furnaces is 

a) zirconia brick  b) magnesite brick  c) fire brick    d) silica brick 

181.  The most economic insulation is the thickness where …..  

a) depreciation costs of insulation and energy cost due to losses are the same 

b) the sum of energy cost due to losses and insulation depreciation cost is 

minimum 

c) energy losses are minimized 

d) energy cost due to losses are minimized. 

182.  Which of the four refractories has the highest melting point temperature? 

a) Lime (CaO)                            b) Silica (SiO2 ) 

c) Titania (TiO2 )                            d) Alumina (Al2 O3 ) 

183.  Insulating material made by blending and melting of alumina and silica is known as 

a) ceramic fibre                                b) high alumina brick 

c) fire brick                                d) insulating brick 

184.  High emissivity coatings are most effective on  

a)outer surface of furnace                      b)inner surface of furnace     

c)furnace charge                                    d)none of the above 

185.  As the furnace temperature increases, the emissivity of most refractory materials 

a) increases upto a certain level and then decreases          

b) increases 

c) decreases 

d) decreases upto a certain level and then increases 



186.  What is the most effective way to avoid ambient air infiltration into a continuous 

furnace? 

a) close all openings 

b) increase the chimney height 

c) operate at about 90% capacity 

d) maintain slightly positive pressure inside the furnace 

187.  The storage heat losses in a batch type furnace can be best reduced by use of 

a) hot face insulating bricks b) hot face ceramic fibre 

c) cold face insulating bricks d) cold face ceramic fibre 

188.  Which of the following is the most important property of an insulating brick with 

respect to energy savings? 

a) porosity                     b) mechanical strength    

c) colour                                     d) compactness  

189.  Which of the following is a synthetic refractory? 

a) MgO b) Al2O3  

c) SiC d) SiO2 

190.  Alumina is a  type of refractory 

a) basic b) acidic 

c) neutral d) none of the above 

191.  Dolomite is a  type of refractory 

a) acidic b) basic c) neutral d) none of the above 

192.  An increase in bulk density of a refractory increases its 

a) volume stability                                           b) heat capacity 

c) resistance to slag penetration                      d) all of the above 

193.  Pick the wrong statement. The thermal efficiency of a furnace increases by 

a) reducing surface heat loss                                   b)preheating Combustion air.  

c) maintaining high levels of excess air                d)minimising unburnt losses 

194.  The heat loss in a furnace depends on 

a) Emissivity of walls                              b) Conductivity of refractory 

c) Wall thickness                                     d) All of the above 

195.  Ceramic coating is used in furnaces because it enhances 

a) conductivity b) convective heat transfer coefficient 

c) emissivity                           d) radiation factor 

196.  Ceramic fibre gives the maximum savings when used in 

a) continuous furnace             b) batch furnace   

c) arc furnace                          d) induction furnace 

197.  Which of the following is not a property of ceramic fibre? 

a) low thermal conductivity b) light weight 

c) high heat capacity d) thermal shock resistant 

198.  In determining the optimal economic insulation thickness for a steam pipeline, 

thickness which of the following factors need not be considered 

a) annual hours of operation                    b) calorific value    

c) pipe material                                      d) cost of fuel 



199.  Which of the following is an example of a basic refractory 

a) Alumino-silicate b) chrome 

b) Magnesite d)pure alumina 

200.  The thermal resistance of an insulation 

a) decreases with increased thermal conductivity 

b) increases with increased thermal conductivity 

c) decreases with decreased thermal conductivity 

d) has no relation with thermal conductivity 

201.  Which property of the refractory determines the deformation under stress? 

a) creep 

b) refractoriness under load (rul) 

c) porosity 

d) pyrometric cone equivalent (PCE) 

202.  The insulation used for temperatures more than 350
o
C 

a) Polyurethane b) polystyrene 

c) Calcium silicate d) magnesia 

203.  Glass mineral wool can be applied for temperature range application upto 

a)   950 
o
C b) 500 

o
C c) 1200 

o
C d) 750 

o
C 

204.  The insulation material suitable for low temperature application to prevent heat 

gain is 

a) mineral fiber b) fiber glass c) silica d) polyurethane 

205.  The effectiveness of insulation with ingress of moisture would 

a) increase  

b) decrease 

c) may increase or decrease depending on temperature and thickness of insulation 

d) remain unaffected 

206.  Magnesite, chrome-magnesite, dolomite are examples of --------- type of refractory  

a) acid                                           b) basic     

c) neutral                                       d)  none of the above 

207.  In determining the economic thickness of steam pipe insulation which of the 

following is not required? 

a) cost of fuel                          b) boiler efficiency  

c) steam pressure                           d) heat content of fuel 

208.  The softening temperature of a refractory is indicated by 

a) Pyrometric cone equivalent (PCE) b) refractoriness under load (RUL) 

c) creep d) cold crushing strength 

209.  Co-generation is also known as  

a)Re-generation system                b)Brayton system  

c)Combined heat and power system              d)Reversible system 



210.  The unit for heat-to-power ratio of a CHP plant is  

a) kWth / kWe                      b) BTU / kW  

c) kCal / kW                                 d) kWhth / kWe 

211.  The cogeneration system which has high overall system efficiency is 

a) back pressure steam turbine b) combined cycle 

c) extraction condensing steam turbine d) reciprocating engine 

212.  Which CHP system has the smallest heat to power ratio with the least flexibility to 

increase or reduce the ratio? 

a) back pressure turbine                          b) combined cycle 

c) extraction condensing steam turbine             d) reciprocating engine 

213.  The working media in a thermo-compressor is 

a) electricity b) compressed air c) high temperature oil d) steam 

214.  Which of the following factor is critical for FBC boilers? 

a) Pressure of Fluidisation air                       b) Critical fluidisation Velocity 

c) Size of fuel particles                                 d) All of the above 

215.  Auxiliary power consumption for coal preparation will be highest in a; 

a) stoker fired boiler                  b) AFBC boiler 

c) CFBC boiler                  d) pulverized coal fired boiler 

216.  In FBC boiler, the combustion is carried out at a temperature 

a) closer to steam temperature. b) adiabatic combustion temperature 

c)  below ash fusion temperature d) above ash fusion temperature 

217.  The difference between mean velocity of solid and gas in a FBC boiler is called 

a) fluidization factor       b) slip velocity           

c) settling velocity         d) none of the above 

218.  For efficient sulphur retention in the bed, temperature of a fluidized bed boiler 

should be 

a) 700°C             b) 1100°C        c) 850°C                   d) 1000°C 

219.  For even distribution of fluidized air in AFBC boilers, which one of the following is 

used? 

a) perforated metal distributor plate  b) secondary air from sides 

c) compressed air through nozzles  d) none of the above 

220.  The efficiency of a typical FBC boiler would be around  

a) 90%                       b) 80%                      c) 70%                  d) 40% 

221.  The major advantage of the PFBC boilers are 

a) low excess air  b) low radiation loss  

c) low hydrogen loss  d) compactness in size 

222.  Fluidized bed combustion takes place in the temperature range of 

a) above 1000
0
C                   b) below 500

0
C  

c) 600-700
0
C                                 d) 800-900

0
C 



223.  In FBC boilers fluidization depends largely on --------- 

i) Particle size ii) Air velocity iii) Bed Material iv) Size of Boiler 

a) i & iii b) ii & iii c) i & ii d) i,ii,iii,iv 

224.  NOx formation in FBC boilers is minimised because of 

a) higher velocity of flue gas in combustion chamber 

b) higher pressure of the air supplied 

c) lower temperatures in the bed and combustion chamber 

d) higher contact of solid particles in the flue gas 

225.  A major advantage of PFBC boilers compared to conventional pulverised coal fired 

boiler is  

a) less ash removal               b) low excess air    

c) low radiation loss              d) much smaller size 

226.  When the boiler bed temperature exceeds beyond 950°C, the result is: 

a) Low steam temperature b) clinker formation 

c) Melting of lime stones d) Ash carry over 

227.  In a glass industry waste heat is used for power generation. This type of 

cogeneration is called 

a) topping cycle   b) bottoming cycle 

c) combined cycle d) none of the above 

228.  In circulating fluidized bed combustion boilers most of the heat transfer takes 

place… 

a) inside the combustion zone   b) bed tubes 

c) outside of the combustion zone            d) super heater tubes 

229.  For equal capacity, the boiler size is the smallest for  

a) AFBC               b)CFBC            c) PFBC             d) Pulverized coil fired boiler 

230.  An axial compressor is used in conjunction with which of the following 

a) Back pressure steam turbine                 b) Condensing turbine    

c) Gas turbine                                           d) none of the above 

231.  Which is not a property of Ceramic fibre insulation 

a) low thermal conductivity                      b) light weight  

c) high heat storage                                 d) thermal shock resistant 

232.  Chances of NOx formation are least in  

a) Chain grate stoker boiler                      b) Spreader stoker boiler   

c) Pulverized coal fired boiler                  d) FBC boilers  

233.  Quality of waste heat in flue gas refers to 

a) dust concentration in flue gas      b) temperature 

c) moisture in flue gas                     d) corrosive gases in flue gas  



234.  The material used to control SOx in the FBC boiler is 

a) lime            b) alumina          c) silica  d) limestone  

235.  Mark the best choice of insulation material for electric heat treatment furnace 

among the following 

a) glass wool                                     b) calcium silicate  

c) fire bricks                                     d) ceramic fibre 

236.  The low combustion temperature in FBC boilers results in minimal formation of 

a)  CO   b) SOx       c) NOx       d) CO2  

237.  Which of the following heat recovery equipment works on a vapour compression 

cycle? 

a) thermocompressor                              b) heat wheel   

c) heat pump                                         d) heat pipe 

238.  Which type of the following co-generation system has high heat-to-power ratio? 

a) gas  turbine                    b) back pressure turbine  

c) extraction condensing turbine    d) reciprocating engine 

239.  Which of the following will be an ideal heating medium for heat transfer in a heat 

exchanger? 

a) hot water                   b) super heated steam   

c) dry saturated steam                d) wet steam  

240.  In a low temperature waste heat recovery system, which of the following device is 

the most suitable 

a) Economiser                                       b) heat wheels   

c) regenerator                                       d) ceramic recuperator 

241.  The coefficient of thermal expansion of refractory material should be 

a) low                             b) high 

c) medium                                       d) very high 

242.  Pick the boiler, which can be considered as most combustion efficient?   

a) fluidized bed combustion boiler   b) lancashire boiler 

c) stoker fired boiler     d) chain grate boiler 

243.  Recuperator will be more efficient if the flow path of hot and cold fluids is in:  

a) co-current mode                b) counter current mode 

c) cross current mode                d) none of the above 

244.  The difference between mean solid and mean gas velocity in FBC boiler is called 

a) fluidization factor                              b) slip velocity   

c) settling velocity                                 d) none of the above 

245.  In a CFBC Boiler the capture and recycling of bed materials is accomplished by  

a) settling chamber                              b) cyclone   

c) back filter                              d) scrubber  



246.  In FBC boiler the combustion is carried out at a temperature   

a) closer to steam temperature     

b) at adiabatic combustion temperature 

c) at and above ash fusion temperature  

d) below ash fusion temperature of fuel used 

247.  Thermo-compressor is commonly used for 

a) compressing hot air        b) upgrading low pressure steam 

c) distillation           d) reverse compression of CO2 

248.  Ceramic fibre gives the maximum savings when used in   

a) continuous furnace                   b) batch furnace  

   c) arc furnace                     d) induction furnace 

249.  The major limitation of metallic recuperator is 

a) handling COx, NOx etc. 

b) reduced life for handling temperature more than 650°C 

c) manufacturing difficulty of the required design 

d) none of the above 

250.  Which of the following when added to alumino  silicate helps to reduce the 

shrinkage level of ceramic fibre  

 a) Zr O2      b) SiO2     c) Al2O3      d) CaSO4 

251.  A thermal insulator has 

a) low thermal conductivity                   b) high thermal conductivity 

c) high convection coefficient                  d) low convection coefficient 

252.  Emissivity is a measure of material’s ability to 

a) only absorb heat                                  b) only radiate heat    

c) absorb and radiate heat                   d) none of the above  

253.  Fluidized bed combustion results in  _________ SOx and NOx emissions  

a) increased                                             b) decreased  

c) no effect on                                        d) elimination of   

254.  Furnace wall heat loss does not depend on 

a) temperature of external surface             b) temperature of air around the furnace  

c) emissivity of external wall surface       d) stock to be heated  

255.  Insulating material made by blending and melting of alumina and silica is known as 

a) ceramic fibre                                       b) high alumina brick   

c) fire brick                                              d) insulating brick  

256.  Regenerators are widely used in 

a) glass melting furnace                            b) reheating furnace    

c) baking ovens                                          d) heat treatment furnace  

257.  The furnace bed temperature of a fluidized bed boiler is about   

a) 850°C          b) 1100°C          c) 700°C          d) 1000°C   



258.  The waste heat boiler application is not suitable for which of the following? 

a) gas turbine                                   b) diesel engine   

c) furnaces                                       d) dryers 

259.  What is the appropriate fuel size in a coal fired FBC boiler? 

a) 25-50 mm                                    b) 50-75 mm  

c) 6-10 mm                                     d) less than 5 mm 

260.  Which property is most important for a fire brick? 

a) high porosity                               b) thermal stability at high temperature 

c) low bulk density                         d) chemical resistance  

261.  In a cogeneration system, with extraction condensing turbine, the highest heat rate is 

recorded when; 

a) maximum power output and maximum extraction to process 

b) maximum power output and normal extraction to process 

c) maximum power output and minimum extraction to process 

d) none of the above 

262.  A bottoming cycle is one in which fuel is used for producing 

a) power primarily followed by by-product heat output  

b) heat primarily followed by by-product power output 

c) power, heat and refrigeration simultaneously 

d) none of the above 

263.  An increase in bulk density of a refractory increases its  

a) volume stability                                   b)  heat capacity   

c) resistance to slag penetration              d) all of the above 

264.  The insulation material used for medium temperature application is 

a) calcium silicate                                   b) polyurethane    

c) wood                                                    d) mica 

265.  A coal fired FBC boiler can operate at ___ excess air 

a) 3 – 4 %                                               b) 20 -25 %   

c)  30 – 40 %                                         d) 10 – 15 % 

266.  Which of the following is most suitable for high temperature waste heat recovery ? 

a) heat wheel                                         b) heat pump     

c) heat pipe                                           d) recuperator 

267.  Among the following, cogeneration concept is not applicable to which type of 

industry?  

a) sugar                                                       b) paper & pulp   

c) refinery                                                  d) refractory 



268.  Which of the following influences energy savings when ceramic coating is applied 

on furnace hot side? 

a) Conductivity                                             b) Convective heat transfer coefficient 

c) Emissivity                                                d) Factor for total radiation  

269.  The insulation thickness for which the total cost is minimum is called 

a) Minimum insulation thickness               b) Cheapest insulation thickness 

c) Economic thickness                               d) None of the above 

270.  Reduction of specific fuel consumption using ceramic fibre is ideally suited for: 

a) Tunnel kiln                                              b) pusher type reheating furnace 

c) Glass furnace                                           d) Heat treatment furnace 

271.  The most common form of refractory material extensively used in the construction 

of small furnaces is… 

a) silica bricks                                             b) Fire brick 

c) Chrome magnesite                                  d) Calcium silicate blocks 

272.  FBC boiler has an advantage of: 

a) Burning high quality coal                         b) Burning variety liquid fuels 

c) Burning wide variety of coal                 d) None of the above 

273.  Recovery of heat from dryer exhaust air is a typical application of: 

a) Waste heat recovery boiler                      b) heat pump 

c) Heat wheels                                            d) Economiser 

274.  Heat exchanger will be more efficient if the flow path of hot and cold fluids is in: 

a) co-current mode                                       b) counter current mode 

c) cross current mode                                   d) none of the above 

 
  



 

Short Answer Questions 
Each question carries Five marks 

 S-1 List all the elements of an Ultimate Chemical Analysis of coal.  Which additional coal information is necessary for the calculation of boiler efficiency? 

 

   List all the elements of an Ultimate Chemical Analysis of coal.  Which additional 

coal information is necessary for the calculation of boiler efficiency? 

S-2  (i) State the stochiometric combustion equation for Methane. 

 (ii) How many kg of Carbon Dioxide are generated by complete combustion of 1 kg 

of Methane?  

(iii) How many kg of water are generated by complete combustion of 1 kg of 

Methane? 

S-3  Assume the stoichiometric (theoretical) air to fuel ratio of furnace oil is 14. The 

burner operates at 20% excess air.  Calculate the mass of stack gas generated from 

combustion of one kg of oil. 

S-4 What is meant by excess air in combustion systems and discuss the importance of 

optimum excess air.  

S-5 (a) State the stoichiometric combustion equation for Propane (C3H8) 

(b) How many kg of Carbon Dioxide will be generated by complete combustion of 

1kg of Propane? 

S-6 Discuss the role of three T’s in efficient combustion process 

S-7 For a coal containing 5% hydrogen (GCV = 5500 kcal/kg), estimates the percentage 

of sensible and latent heat loss due to evaporation of water formed due to hydrogen 

in the fuel, if the flue gas temperature is 180ºC and combustion air temperature is 

40ºC.  (latent heat of vapour = 584 Kcal/kg, specific heat of vapour = 0.45 

kcal/kg/
0
C) 

S-8 For combustion of 125 m3/hr Methane gas, estimate quantity 

of air required with 10% excess air. Density of methane gas is 0.6 kg/m3 

S-9 Explain the difference between Flash Point and Pour Point of a liquid fuel? 

S-10 What is clinker? List four factors which lead to clinker formation in case of 

stationary grate coal fired boiler. 

S-11 What is the significance of volatile matters in case of solid fuels being used for 

combustion? 

S-12 State the stoichiometric combustion equation for methane (CH4). How many kg of 

carbon dioxide will be generated by 4 kg of methane? 

S-13 What is draft and briefly explain its importance in boilers and furnaces? 

S-14 For combustion of 500 lit/hr of furnace oil, estimate combustion air quantity per 

hour with 20% excess air. Specific gravity of furnace oil 0.95. (Fuel analysis: C - 

84%, H -12%, S - 3% O - 1%). 

S-15 In a dryer, 100 m
3
/hr of hot thermic fluid is circulated at 270°C. The thermic fluid 

heater fired by coal, operates at a range of 15°C. Estimate the coal requirement if 

the thermal efficiency of the heater is 65% and GCV of the coal is 4200 kCal/hr. 

Consider specific heat & density of the thermic fluid to be 0.55 kCal/kg°C & 820 

kg/m
3
 respectively. 

S-16 Explain why natural gas requires less amount of excess air compared to solid/liquid 



fuels 

S-17 The measured CO2 in flue gas of oil fired boiler is 10 % against the theoretical CO2 

content of 14.5 %, Air to fuel ratio for combustion in the boiler is found to be 20. 

Calculate the theoretical air required for combustion. 

S-18 (a) Why should LPG cylinders not be stored in basements or cellars?  

(b) Why should the stack temperature of furnace oil fired boilers not be maintained 

below 160-170°C?  

S-19 A boiler operator is trying to reduce excess air level from 30% to 10% in a coal 

fired boiler.  Describe what will most likely happen to the CO, CO2 concentration 

as well as amount of unburnt carbon in the flue gas.  Explain your answer 

S-20 Explain why “blow down” is done in a boiler.  List a disadvantage of blow down 

 What is the need for boiler feed water treatment? 

S-21 How is percentage of excess air level calculated from data obtained from a flue gas 

analysis of boilers or furnaces? 

S-22 Explain the meaning of dryness fraction of steam 

S-23 Explain the importance of deaeration of boiler feed water 

S-24 In a boiler drum the permissible TDS is 2000 ppm, permissible make up water is 10 

per cent of feed water and TDS of feed water is 200 ppm.  Find out the blow down 

percentage? 

S-25 (i)  Explain the difference between a water tube and a fire tube boiler.  

(ii) In what pressure range have water tube boilers an advantage over fire tube 

boilers and why? 

S-26 List advantages of fluidized bed combustion boiler over fixed grate boiler. 

S-27 List any five energy conservation opportunities in a boiler system 

S-28 What are the disadvantages of “direct method” of boiler efficiency evaluation over 

the “indirect method”? 

S-29 The efficiency of a boiler on GCV basis is 84%. The fuel contains 0.5 % moisture 

and 11 % hydrogen. The GCV of fuel is 10,300 Kcal/kg. What is the boiler 

efficiency on the basis of net calorific value? 

S-30 A boiler generates steam at the rate of 12 ton/hr consuming 2 ton/ hr of coal having 

4500 kcal/kg calorific value. Calculate the evaporation ratio and efficiency of the 

boiler if the enthalpy of the generated steam is 722.5 kcal/kg and feed water 

temperature is 55C. 

S-31 In a plant, a boiler is generating saturated steam of 2 TPH at a pressure of 7 kg/cm
2
 

g. The feed water temperature is 60°C and furnace oil consumption is 150 kg/hr. 

What is the efficiency of the boiler by using direct method of efficiency evaluation? 

(Calorific value of FO is 10,000 kCal/kg, enthalpy of steam is 660 kCal/kg at 7 

kg/cm
2
g) 

S-32 For a 5 TPH capacity boiler, estimate the rise in temperature of feed water in an 

economizer, when the flue gas temperature decreases from 310ºC to 180ºC. Air to 

fuel ratio and evaporation ratio of the boiler are 22 and 10 respectively. Assume 

condensate recovery and boiler blow down is nil. Specific heat of flue gas: 0.23 

kCal/kg 
o
C 



S-33 In a natural gas fired boiler the air to fuel ratio is maintained at 10Nm
3
/Nm

3
 of gas.  

An air preheater is installed to preheat combustion air at 30ºC.  The flue gas 

temperature decreases from 230ºC to 170ºC. Estimate the rise in temperature of the 

ambient air assuming that the specific heat of flue gas and ambient air is equal. 

S-34 List five benefits of condensate recovery in a process plant 

 A boiler generates saturated steam at 15 atmosphere absolute pressure (hg = 666 

kcal/kg). If the feedwater temperature is 60ºC (hf = 60 kcal/kg), for evaporation 

ratio of 6 for a particular fuel (GCV of fuel = 4200 kcal/kg), estimate the boiler 

efficiency. 

S-35 A boiler is generating steam at 5500 kg/hr.  The maximum permissible limit of TDS 

in the boiler is 3500 ppm.  If the make up water is 40% at a TDS level of 350 ppm, 

calculate the blowdown percentage and blow down rate. 

S-36 What are the advantages & disadvantages of calculating Boiler efficiency by direct 

method?  Calculate the boiler efficiency if the evaporation ratio is 6 for a coal fired 

boiler?   Steam enthalpy – 650 kcal/kg & GCV of coal – 5000 kcal/kg, feed water 

temperature 40
o
C 

S-37 Calculate the savings in heat loss due to reduction in blow down by using auto 

blow-down controller, from 2.5% to 1% for 10T/hr boiler, which operates 8000 

hrs/year. The temperature of boiler blow down water is 180
o
C, boiler efficiency is 

80% and GCV of Furnace oil is 10,000 kCal/kg. Feed water temp.= 30
o
C 

S-38 The fuel oil consumption in a 5 TPH oil fired boiler generating steam at 10 

kgf/cm
2
g is 300 litres/ hours. Its efficiency by indirect method was found to be 

82%. Find out the evaporation ratio and the steam generation rate with the 

following data: 

 

 Enthalpy of Steam  = 665 kCal / Kg 

 Feed water temperature = 65
o
C 

 G.C.V. of fuel oil  = 10,000 kCal / Kg 

 Density of oil   = 0.95 kg / litre 

S-39 For a 8 TPH capacity boiler, estimate the rise in temperature of water in an 

economizer. The flue gas temperature decreases from 315 ºC to 210 ºC in the 

economiser. Air to fuel ratio and evaporation ratio of the boiler are 20 kg of air/kg 

of fuel and 12 respectively. Assume condensate recovery and boiler blow down is 

nil. Specific heat of flue gas: 0.23 kCal/kg 
o
C 

S-40 Briefly explain the working of a thermic fluid heater and its advantages over steam 

heating system 

S-41 What is meant by critical point of steam and give two advantages of Super Critical 

boilers? 

S-42 Calculate the blow down rate for a boiler with an evaporation rate of 4 tons/hr, if 

the maximum permissible TDS in boiler water is 3500 ppm and with 20 % make up 

water addition.  

S-43 An oil fired boiler has the following operating parameters:  

 



Steam Generation   = 5 T/hr 

Steam Pressure   = 8 kg/cm
2 

Feed water temperature  = 60 oC  

Steam Enthalpy   = 660 kcal/kg  

Saturation temperature = 170 oC  

Boiler efficiency    = 80% 

GCV of Oil               = 10,000kCal/kg 

Steam Quality   = Dry Saturated 
 

a) Calculate fuel oil consumption per hour 

b) If the dryness fraction becomes 0.7, calculate fuel oil consumption per hour 

assuming same boiler efficiency 

S-44 Define the efficiency of a furnace and explain why furnace efficiencies are lower 

than boiler efficiencies.  State measures to improve the efficiency of furnaces. 

S-45 What is meant by wall losses of a furnace?  How can they be minimized? 

S-46 A furnace output is 5000 kg/hour of billets. Thermal efficiency is claimed to be 

25% Specific heat of billet is 0.12 kcal/kg-
o
C. Billets enter the furnace at 40

o
C and 

leave at 1200
o
C. Calculate the hourly oil consumption in liter if GCV of oil is 9,200 

kCal/liter 

S-47 List any five heat losses occurring in a furnace. 

S-48 A reheating furnace output is 10 TPH. The billets are heated from 50
O
C to 1200

O
C. 

The oil consumption rate is 700 liters /hr. Specific gravity of FO is 0.95; Net 

Calorific value of FO is 9650 kCal/kg, and the specific heat of the billet is 0.12 

kCal/kg 
O
C.  Find out the thermal efficiency of the furnace on NCV basis. 

S-49 Explain the importance of draft in a reheating furnace 

S-50 In a re-rolling mill furnace the outlet flue gas temperature is 550oC.  The industry 

has installed a recuperator to preheat combustion air upto 300oC and reduces fuel 

consumption by 15%. List down other three more advantages other than reduction 

in fuel consumption which would accrue to the industry. 

S-51 For a SRB the quantity of heat brought in by pre heated air is 1000 kCal/kg fuel and 

the quantity of heat taken away by exhaust gases is 4000 kCal per kg fuel. If the 

calorific value of the fuel is 10,000 kCal/kg, find the % fuel saving rate? 

S-52 The efficiency of a billet heating furnace with an output of 20 tonne/ hr was 32%. 

Find out the specific fuel consumption in litres/ tonne of billet heating and total fuel 

consumption per hour as per data given below: 

 

 Billet heating furnace: 

 

 Initial temp.   = 50
o
C   

           Final temp.   = 1150
o
C 

 Specific heat of billet = 0.12 kCal/ kg
o
C 

 Density of fuel oil = 0.95 kg/ litre 

 GCV of fuel oil = 10,000 kCal/kg 

   



Determine the specific fuel consumption in litres/ tonne and total fuel consumption 

in litres/hr. 

S-53 Write short notes on factors affecting wall losses in batch type reheating furnaces? 

S-54 Calculate the induction melting furnace efficiency from the following melt cycle 

data  
 

Mild steel (MS) scrap charged : 1500 kg 

Specific heat of MS    : 0.682 kJ/kg 
0
C 

Latent heat of MS   : 272 kJ/kg 

MS melting temperature   : 1650 
0
C 

Inlet MS charge temperature  : 40 
0
C 

Electricity consumed during cycle : 1020 kWh 

S-55 List five energy saving measures in an oil fired reheating furnace 

S-56 In a crude distillation unit of a refinery, furnace is operated to heat 300 kilo 

Litres/hr of crude oil at an inlet temperature of 255°C by firing 2.5 kilolitres/hr of 

furnace oil having GCV of 9880 kcal/kg. If the efficiency of the furnace is 82% 

,calculate the outlet temperature of the crude oil from the furnace. Consider the 

following data: 
 

 

Specific heat of Crude Oil = 0.65 kcal/kg°C  

Specific gravity of Crude Oil = 0.86 

Specific gravity of furnace Oil = 0.98 

 

S-57 To meet a process plant’s heat and power requirements, high pressure steam at 70 

MT/hr passes through a back pressure steam turbine, for power generation and the 

exhaust steam is sent for thermal process requirements in the plant. With the 

following operating data, calculate the heat to power ratio in kW/kW if the turbine 

and generator efficiencies are 90% and 92% respectively. 

S-58 A cogeneration plant has an electrical output of 5 MW with a back pressure turbine 

which has a input steam conditions to the turbine as 32 TPH with Enthalpy of 3418 

KJ/kg @ 64 ata and 500oC and the exit conditions of steam at the end of the back 

pressure turbine is 186oC, with enthalpy of 2835.8 KJ/kg. After the process heating, 

all the condensate @ 730C returns to the boiler. Calculate the Heat to power Ratio and 

Energy Utilization factor of the process. Fuel consumption of the boiler is 8.2 TPH 

Coal at 4800 GCV. 

S-59 A gas turbine of 20 MW Capacity was running with Naphtha as its fuel. In order to 

reduce emissions, the firm has decided to replace Naphtha fuel with Natural Gas. 

The cost of power generation using Naphtha was Rs 9.2 per unit. If the efficiency of 

the Gas Turbine remains at 35%, calculate the percentage reduction in cost of 

generating electricity after switching to Natural gas. 

GCV of Natural gas = 10800 kCal/kg 

Cost of Natural Gas = Rs 36000/ton 

S-60 In a paper industry, 1.5 Tons/hr of saturated steam at 8 bar is used for preheating 25 

Tons/hr of Soda liquor in a heat exchanger. Soda liquor enters the heat exchanger at 

55°C and the specific heat of the liquor is 0.38 Kcal/Kg°C. Calculate the exit 



temperature of the soda liquid leaving the heat exchanger & the LMTD of the 

exchanger with the following data from steam table 

 

Pressure, 

bar 

Temperature, °C Enthalpy kcal/kg 

Water Evaporation Steam 

8.0 165 165 490 660 
 

S-61 Milk is flowing in a pipe cooler at a rate of 0.95 kg/sec. Initial temperature of the 

milk is 55 °C and it is cooled to 18 °C using a stirred water bath with the constant 

temperature of 10°C around the pipe. Specific heat of milk is 3.86 KJ/kg°C. 

Calculate the heat transfer rate (kcal/hr) and also LMTD of the exchanger. 

S-62 An economizer was installed in the furnace-oil fired boiler. The following are the 

data monitored after commissioning the economiser. 

Air to fuel ratio = 20 

Evaporation ratio of the boiler = 12 

Specific heat of flue gas = 0.25 

kcal/kg°C. Condensate recovery in the 

plant = Nil. 
 

Calculate the rise in temperature of feed water in an economizer, which brings down 

the flue gas temperature from 280 
O
C to 180 

O
C. 

S-63 Explain with sketch the working principle of a regenerator used for high 

temperature furnace. 

S-64 Explain briefly the bottoming cycle cogeneration system and mention any two of its 

application in industry 

S-65 Distinguish between plate heat exchanger and shell and tube heat exchanger? 

 S-66 List down five major advantages of waste heat recovery in rolling mill 

furnace 

S-67 Write short notes on factors affecting wall losses in batch type reheating 

furnaces? 

S-68 For a 5 TPH capacity boiler, estimate the rise in temperature of feed water in an 

economizer, when the flue gas temperature decreases from 310ºC to 180ºC. Air to 

fuel ratio and evaporation ratio of the boiler are 22 and 10 respectively. Assume 

condensate recovery and boiler blow down is nil. Specific heat of flue gas: 0.23 

kCal/kg 
o
C 

S-69 List some applications using ceramic fibre. 

S-70 In selection of a refractory which physical, chemical and other properties of a 

refractory are important? 

S-71 What are the important aspects to be considered for retrofitting a conventional 

boiler to FBC technology? 

S-72 Explain what is meant by a combined cycle. 

S-73 List at least five important parameters to be considered before installing a 

cogeneration system. 



S-74 What is a ‘heat pipe’? How does it work? 

S-75 Briefly explain the principle of a ‘thermocompressor’ 

S-76 What is the economic thickness of insulation? 

S-77 Name any five parameters required to evaluate economic thickness of insulation 

S-78 How does high emissivity coating in a furnace chamber helps in reducing energy 

consumption? 

S-79 (i) Which sources of heat can be recovered from a 2 MW reciprocating engine 

cogeneration system? and 

(ii) What is roughly the temperature level of these waste streams? 

S-80 (i)  list prime movers for cogeneration, and  

(ii) State the one with the highest efficiency. 

S-81 A firm wants to recover waste heat in a flue gas stream of 1800 kg/hour from a 

furnace.  Specific heat of flue gas is 0.23 kCal/kg
0 

C. 

(i) Calculate the heat recovered if the heat exchanger has an efficiency of 97% and 

temperature of flue gas drops from 900
0 

C to 220
0 
C across the heat exchanger. 

(ii) How many liters of water per hour can be heated by 40
0 

C from this waste 

stream? 

S-82 What is the principle of CFBC (circulating fluidized bed combustion) boiler? 

S-83 How does a thermocompressor work? Explain briefly  with a sketch 

S-84 Match the following: 

Cogeneration system                                        Typical range of heat to power ratio 
 

a) Back pressure steam turbine 1) 2.0 – 10.0 

b) Extraction-condensing steam turbine 2) 1.3 – 2.0 

c) Gas turbine 3) 1.1 – 2.5 

d) Combined cycle 4) 1.0 – 1.7 

e) Reciprocating engine 5) 4.0-14.3 

 

S-85 In a re-rolling mill furnace the outlet flue gas temperature is 550
o
C.  The industry 

has installed a recuperator to preheat combustion air upto 300
o

C and reduces 

fuel consumption by 15%. List down other three more advantages other than 

reduction in fuel consumption which would accrue to the industry. 

S-86 Given the choice would you paint the outer surface of a reheating furnace black, 

or with a shiny glossy colour (such as silver colour)? Explain. 

S-87 Write short notes on economic insulation thickness for energy efficiency. 

S-88 List down five advantages of FBC boiler. 

 

 
  



Long Answer Questions 
Each question carries Ten marks 

 
L-1 Calculate  

i) The stoichiometric amount of combustion air required for the fuel whose 

composition is given below.  

ii)  Calculate the NCV of the fuel based on the GCV of the fuel of 10,880 kcal/kg.   

 Fuel composition data  

 Constituents      % by weight 
 

 Carbon            85.9 

 Hydrogen           12 

 Oxygen           0.7 

 Nitrogen           0.5 

 Sulphur           0.5 

 H2O                       0.35 

 Ash                       0.05 

L-2 A boiler utilizes bio-mass as fuel and the ultimate analysis (by weight %) of the fuel 

is given below: 

COMPONENT 
ANALYSIS 

% 

Carbon 45 

Hydrogen  6 

Nitrogen 0.5 

Oxygen 46.5 

Sulfur 0.5 

Ash 1.5 

The component analysis is provided on dry basis and the CO2 content of the flue gas 

measured is 13%. Using the basic combustion equations estimate the following on 

dry fuel basis for 100 kg of dry fuel fired: 
 

(a) Theoretical amount of air required for combustion  

(b) Theoretical CO2 content in flue gas. 

(c) Excess air supplied 

L-3 Paddy husk is being used as a fuel in a water tube boiler. The ultimate analysis of 

fuel is given below.  Calculate the theoretical quantity of air required for complete 

combustion and also compute the quantity of CO2, H2O and SO2 generated per 100 

kg of fuel. The ultimate analysis of paddy husk is given   below. 

 

Ultimate analysis of paddy husk % 

Moisture 10.8 

Mineral Matter 16.7 

Carbon 34.0 

Hydrogen 5.0 



Nitrogen 0.9 

Sulphur 0.1 

Oxygen 32.5 

GCV (kCal/kg) 3570 
 

L-4 A gaseous fuel has volumetric composition as CH4 – 70 % & C2H6 – 30%. The 

Gross Calorific Value of CH4 & C2H6 is 45000 kJ/Nm3 & 70000 kJ/Nm
3
 

respectively. Find out the Net Calorific Value of gaseous fuel in kJ/Nm
3
. (Latent 

heat of water vapor – 2445 kJ/kg) 

L-5 It is proposed to replace an oil-fired boiler of 10 tons per hour with a coal fired boiler 

of equivalent capacity. With the help of the data provided find out the following: 

(i) the annual oil consumption in tons per year? 

(ii) the annual coal consumption in tons per year? 

(iii) estimate annual fuel cost savings in Crore rupees 

(iv) simple payback period of the project, assuming the coal fired boiler 

costs Rs.1.5 Crore and annual repair and maintenance costs is 25% of 

capital cost. 

(v) What additional data could be added for working out a more realistic 

simple payback period? 

Operation data : 

Heat content of steam  - 660 kCal/kg. 

 Feed water inlet temperature - 60
0 

C 

 Daily operating hours  - 24 

 Number of days / year - 300 

 Efficiency of oil fired boiler - 82% 

 Efficiency of coal fired  - 72% 

 Cost of oil    - Rs.13/- kg. 

 Cost of coal    - Rs.2 /kg. 

 GCV of oil    10,000 kCal/kg 

 GCV of coal     4,200 kCal/kg. 

L-6 Discuss four major energy conservation opportunities in a boiler system? 

L-7 A chemical plant has an AFBC boiler with the following specifications: 

 Boiler capacity         : 70 TPH 

 Boiler pressure         : 60 kg/cm
2
 

 Steam temperature   : 500
o
C 

 Fuel fired                    : coal with 35% ash content 

 GCV of coal        :  4000 kcal/kg 

 Theoretical air for combustion   : 5.6 kg/kg of coal 

 Hydrogen in fuel                      : 4% 

 Specific heat of flue gas   : 0.24 kcal/kg
o
C 

 Specific heat of superheated water vapor in the flue gas  : 0.45 kcal/kg
o
C 

 

Operating parameters are given below. 

 



 Flue gas exhaust temperature    : 160
o
C 

 Excess air                                   : 30% 

 Feed water temperature             : 105
o
C 

 Radiation and other losses         : 8% 

 Ambient temperature  : 30
o
C 

 

(i) Calculate the Boiler Efficiency using indirect method on GCV basis. 

(ii) If the feed water temperature is 105
o
C and the steam is produced at 60 kg/ 

cm
2 

& 500
o
C, what is the hourly coal consumption? Total heat of steam at 60 

kg/ cm
2 

& 500
o
C is 817 kcal/kg. 

L-8 A plant proposes to install an air pre-heater to pre-heat combustion air from 30º C to 

160º C in the existing boiler.  The other performance parameters are as given below. 

Fuel used                         : Bio-mass 

Bio-mass firing rate         : 28TPH 

Sulfur in fuel                    : 0.1% 

GCV of fuel                     : 2300 kCal/kg 

Boiler efficiency              : 70% 

Flue gas temperature      : 300 °C    

Air requirement               : 4.5 kg/kg of fuel 

Specific heat of combustion air : 0.24 kCal/kg 
o
C 

Specific heat of flue gas  : 0.23 kCal/kg 
o
C 

 

Estimate the following: 
 

(a) Quantity of flue gas assuming negligible ash content in the fuel. 

(b) Heat transferred to the combustion air. 

(c) Exit flue gas temperature and whether it is acceptable. 

(d) Annual fuel savings using GCV for an operating period of 8600 hours/ year 

L-9 (a) Calculate the blow down rate for a boiler with an evaporation rate of 5 tons/hr, 

if the maximum permissible TDS in boiler water is 3500 ppm and with 17 % 

make up water addition. The feed water TDS is around 350 ppm. 

(b) Steam at a pressure of 15 kg/cm
2
g is flashed to a lower pressure of 2 kg/cm

2
g. 

If the steam flow rate is 1000 kg/hr. Calculate the % of flash steam and flow rate 

of flash steam?  

Given are the data from steam tables : 

Sensible heat of steam at 15 kg/cm
2
g  : 200 kCal/kg 

Sensible heat of steam at 2 kg/cm
2
g  : 120 kCal/kg 

Latent  heat of steam at 2 kg/cm
2
g  : 666 kCal/kg 

L-10 An oil fired boiler uses furnace oil with ultimate analysis of Sulphar 3%, 

Hydrogen 12%, Carbon 84% and oxygen 1% and gross calorific value of 10,268 

kcal/kg. The boiler furnace is operated with 15% excess air at 27ºC and humidity 

ratio 0.0175. If the flue gas temperature is 280ºC, determine the dry flue gas losses 

and latent heat loss due to evaporation of water.   

L-11 List ten energy conservation opportunities available in a boiler system 

L-12 Analyse the diagram as given below and calculate: 



 

i. Boiler Efficiency by direct method 

ii. Water Temperature in the condensate tank 

iii. Estimate fuel loss due to the drop in feed water temperature, assuming the 

boiler efficiency to be the same 

Given that: 
 

Enthalpy of steam at 10kg/cm
2
   = 665 kCal/kg 

Furnace Oil consumption            = 600 liters/hr 

Specific Gravity of furnace oil  = 0.89 

G.C.V. of furnace oil   = 10,000 kCal/kg 

 

 
 

L-13 In a chemical process industry a coal fired boiler of 77% efficiency is proposed to be 

replaced with paddy husk fired boiler of 67% efficiency. Calculate the fuel cost 

savings for changing over to paddy husk? 
 

GCV of coal     = 4800 kCal/kg 

Cost of coal     = Rs 3600/MT 

GCV of paddy husk   = 3500 kCal/kg 

Cost of paddy husk    = Rs 2000/MT 

Quantity of steam requirement  = 20 TPH 

Enthalpy of steam    = 760 kCal/kg 

Enthalpy of feed water   =120 kCal/kg 

Annual operating hours of boiler  = 7000 hours 

L-14 a) What is the need for boiler blow down? Explain intermittent and continuous 

blow down. 

b) Write short notes on of the following: 

i) Wet preservation method for boilers  

ii) Boiler tube leakages & failures 

 

                               

                 
 
  

                
        

           
     

                                   

                 
 
  

                 

       
 
 

           
          
            

           
 
  

                



L-15 An oil fired boiler is generating 30 T/hr Steam and operates for 8000 hrs/year. The 

TDS in boiler feed water was reduced from 550 ppm to 200 ppm. The maximum 

permissible limit of TDS in the boiler is 3000 ppm and make up water is 10%. 

Temperature of the blow down water is 170°C and boiler feed water temperature 

is 40°C. GCV of fuel is 10000 kCal/kg and efficiency of the boiler is 80%. 

Calculate the savings in fuel oil per annum due to reduction in the blow down 

L-16 a) Describe briefly about mechanical and chemical deaeration. 

b)  An oil fired boiler has the following operating parameters 

Steam generation                            : 5 T/hr 

Steam pressure                       : 8 kg/cm
2
 

Feed water temperature                  : 50 °C 

Steam enthalpy                       : 660 kCal/kg 

Steam Saturation temperature         : 170 °C 

GCV of fuel oil                        : 9550 kCal/kg 

Consumption of fuel oil                   : 320 kg/hr 

Calculate the boiler efficiency if the dryness fraction is 0.8. 

L-17 a) Find out the efficiency of the furnace oil fired boiler by direct method in a agro 

product manufacturing plant with the data given below: 
 

Type of boiler : Furnace oil fired 

Quantity of steam (dry) generated : 5 Ton per hour (TPH) 

Steam pressure / temp : 10 kg/cm
2
(g)/ 180 oC 

Quantity of oil consumed : 0.350 TPH 

Feed water temperature : 75 oC 

GCV of Furnace oil             : 10400 kCal/kg  

Enthalpy of saturated steam at 10 kg/cm
2
 :  665 kCal/kg  

Enthalpy of feed water : 75 kCal/kg 
 

The above furnace oil fired boiler was converted to coconut shell firing. Determine 

the boiler efficiency by direct method after conversion 

GCV of coconut shell fuel : 4565 kCal/kg  

Quantity of coconut shell consumed for the same steam  

demand and pressure : 850 kg/hr 

b) The cost of fuel and operating hour of boiler are given below. 

a. Operating hour/ year   = 5000 hr 

b. Cost of furnace oil  per ton     = Rs 40000/ton 

c. Cost of coconut per ton  = Rs 5000/ton 

Find out the annual cost saving due to the fuel substitution fuel in the above boiler? 

L-18 A boiler utilizes Coconut shell as fuel and the ultimate analysis (by weight %) of 

the fuel is given below: 

   Ultimate analysis, % 

 Carbon   45 

 Hydrogen  5 

 Nitrogen  0.6 



 Oxygen  32 

 Sulfur   0.08 

 Mineral matter  4 

 Moisture  13.32 

The CO2 content of the exit flue gas measured is 10%. 
 

For 100 kg of coconut shell fuel fired calculate the following: 

(a) Theoretical amount of air required for combustion 

(b) Theoretical CO2 content in flue gas. 

(c) % excess air supplied 

L-19 Calculate the annual financial loss from an opening in a reheating furnace which is 

1m x 1m, assuming a factor for total radiation of 0.70.  The furnace radiates at 

1200°C, and is operated for 12 hours a day, 200 days per year. Fuel oil costs are 

Rs.14,000/- per tonne and the oil has a Calorific Value of 10,000 kcal/kg. Ignore 

ambient temperature 

L-20 (i) Explain why the furnace efficiency is low in comparison to a typical steam  

  boiler efficiency.  

(ii) A furnace of 12 tonnes/ hr output consumes 900 kg/hr of fuel oil.  

   Calculate the furnace efficiency by assuming specific heat of the stock  

   material as 0.15 kcal/kg 
o 

C, stock material heated from 90
o
C to 1250

o
C,  

   and GCV of fuel oil as 11500 kcal/kg. 

L-21 (a) Briefly explain why the slight positive draft pressure should be maintained 

in the furnaces. 

 (b) Explain the significance of achieving optimum capacity utilisation in 

furnaces.  

L-22 In an industry, an electrical furnace consuming 50 kWh/batch is to be converted 

into furnace oil fired furnace. Estimate the annual savings with furnace oil 

replacement considering the following:  

 

i)  Efficiency of electrical furnace  :    75% 

ii)  Efficiency of FO fired furnace (NCV Basis)   :    52 % 

iii)  Number of batches                                       :    5000 batches/ year 

iv)  Cost of Electricity                                         :    Rs. 4 per kWh 

v)  Cost of FO                                                    :    Rs. 20 per kg 

vi)   Net Calorific Value of FO                            :    9650 kCal /kg 

L-23 In an engineering industry, a heat treatment electrical furnace is consuming 500 

kWh per batch. The Energy Manager of the company wanted to convert it to 

furnace oil firing for cost savings. Estimate the furnace oil requirement in litres 

and cost savings, per batch, considering the following data.  
             

          Calorific value of furnace oil   : 10,000 kCal/kg 

 Specific gravity of furnace oil   : 0.9  

 Efficiency of electrical furnace  : 70% 

 Efficiency of furnace oil fired furnace : 58 % 



            Cost of electricity                                           : Rs 5/kWh 

            Cost of furnace oil                                         : Rs 25/litre 

L-24 A furnace is used to heat the stock. The stock is charged through a door, which is 

always kept open. The door size is 800 mm x 800 mm. The furnace wall thickness 

is 400 mm. The furnace operating temperature is 1260 ºC. 
 

Calculate the hourly direct radiation heat loss through openings? Convert the heat 

loss in terms of oil equivalent loss if GCV of oil is 10250 kCal/kg. 
 

Other data are as under:   

Blackbody radiation corresponding to 1260 ºC = 30 kCal/cm
2
/hr 

Emissivity       = 0.82 

Factor of radiation      = 0.7 

L-25 List ten of energy conservation opportunities in an oil fired reheating furnace? 

L-26 a) Write short notes on hot blast cupola  

b) In an industry an electrical oven consuming 1000 kWh/batch is proposed for 

replacement by a fuel fired oven. Calculate the simple payback period for the 

following data: 

 

Number of batches / year    = 4000 

Efficiency of electric oven    = 80% 

Efficiency of FO fired oven   = 55% 

Cost of FO     = Rs. 30,000/Tonne 

GCV of FO      = 10200 kCal/kg  

Electricity cost     = Rs. 5.0 /kWh 

Investment for FO fired oven   = Rs. 125 Lakhs  

L-27 In a chlor-alkali plant, 100 TPD caustic solution at 30% concentration is dried to 

55% concentration in a single effect evaporator, where the ratio of steam input to 

moisture removal is 1.0 kg/kg. It is proposed to be replaced by a triple effect 

evaporator at an investment cost of Rs. 5 crore, for which the ratio of steam input to 

moisture removal is 0.45 kg/kg. Steam for the evaporator is generated from an oil 

fired boiler at an evaporation ratio of 14. 

Calculate annual fuel savings in TPD. 

L-28 Write short notes on following refractory properties and their significance. 

a) Porosity b) Bulk density c) Pyrometric cone equivalent d) Thermal conductivity 

L-29 A heat exchanger is to be designed to condense the hydrocarbon vapor mixture 

from a distillation column at the rate of 11.0 kg/sec which is available at its 

saturation temperature of 120°C.  The  latent  heat  of  condensation  of   the  

hydrocarbon  vapor  mixture  is 450 

kJ/kg. The cooling water at 32°C is used in counter-current direction at the rate of 

58 kg/sec to condense the vapor mixture. The specific heat of cooling water is 

4.18 kJ/kg 
o

C. 

Determine LMTD and area of the heat exchanger surface if the overall heat 



transfer co-efficient is 600 J/m2s°C. 

L-30 A liquid waste stream has a flow rate of 3.5 kg/s and a temperature of 70o C with a 

specific heat capacity of 4190 J/kgK. Heat recovered from the hot waste stream is 

used to pre-heat boiler make-up water. The flow rate of the make-up water is 2 kg/s, 

its temperature is 10oC and its specific heat capacity is 4190 J/kg/K. The overall 

heat transfer coefficient of the heat exchanger is 800 W/m2K. If a make-up water 

exit temperature of 50oC is required, and assuming that there is no heat losses from 

the exchanger, determine 

1) The heat transfer rate 

2) The exit temperature of  the effluent and 

3) The area of the heat exchanger required 

L-31 A process industry is equipped with a steam power plant generating 1,00,000 

units/day and a separate low-pressure boiler generating at an average steam 

production of 8.3 Tons of steam/hour at enthalpy of 630 kcal/kg for process heating. 

The feed water temperature to the boiler is 70oC. The efficiencies of the steam 

power plant and boiler are 29% and 75% respectively. Coal is used in both cases 

and calorific value of coal is 3800 kcal/kg. 
 

The management proposes to commission a cogeneration plant retaining the coal as 

fuel. The expected energy utilization factor of the cogeneration plant is 75%. 

Calculate coal savings with the new cogeneration plant. 

L-32 A counter-flow double pipe heat exchanger using hot process liquid is used to heat 

water, which flows at 10.5m
3
/hr. The process liquid enters the heat exchanger at 

180°C and leaves at 130°C. The inlet and exit temperature of water are 30°C and 

90°C respectively. Specific heat of water is 4.18 kJ/kg°C. 

a) Calculate the heat transfer area, if overall heat transfer coefficient is 814 

W/m
2
°C.. 

b) What would be the percentage increase in area, if the fluid flows were parallel? 

L-33 a) In a typical fertilizer manufacturing plant, the quantity of 133200 Ton of 

Ammonia is produced annually, using naphtha as fuel as well as raw material 

(feed) and electricity from captive power plant. 

 

Naphtha Electricity as fuel 

 

 

Naphtha Ammonia Ammonia
 

as feed production Production 



raw plant 

 

The quantity of annual raw material consumption and its heating values are given 

in table. 

 
 

Calculate the specific energy consumption of ammonia production in Gcal / Ton. 

 

b) Sketch the schematic diagram of “Back Pressure Turbine” and “Extraction 

Condensing Turbine” Cogeneration systems (Note: no explanation 

required). 

L-34 a) List the advantages of CFBC boilers over AFBC boilers. 

b) What are the advantages of plate heat exchanger over shell and tube heat 

exchanger? 

L-35 The schematic of a back pressure steam turbine cogeneration system of process plant 

operating round the clock with operating data is depicted below. 

 

 
 

If the steam requirement of the process is to be increased to 44TPH which can be 

met by the existing boiler through the back pressure turbine, 
 

a) find out the reduction in cost of electrical energy drawn from the grid per day 

due to additional power generation ,assuming the same steam to power 

recovery as in the existing case and at a grid electricity cost of Rs.7/kWh, Aux 

power remains the same 

Raw material 
consumption 

Quantity Heating Value 

   

1.Naphtha - feed 66800 Ton 10650 kCal / kg 

2.Naphtha - fuel 31200 Ton 10650 kCal / kg 

3.Electricity 1180 x Lakh kWh 2500 kCal/kWh 

 



 

b) also find out the additional coal requirement per day? 

L-36 A steam pipeline of 250 mm outer diameter & 100 meters long is insulated with 

150 mm Mineral wool insulation. As an energy conservation measure, the 

management has upgraded the existing Mineral wool insulation with efficient 

calcium silicate insulation. 

 

Calculate the economics in terms of payback if the insulation is upgraded at a cost 

of 20 lakhs. 

 

Given: 

Operating hours: 8000 

Boiler efficiency: 87 % 

Fuel Oil Cost: Rs. 45,000 per ton 

GCV of the fuel: 10,200 kcal/kg 

Thickness of Mineral wool insulation: 150 mm 

Thickness of Calcium Silicate insulation: 100 mm  

Surface temperature with Mineral wool insulation: 70 °C Surface 

temperature with Calcium silicate insulation: 55 °C Ambient 

temperature: 30 °C 

L-37 The energy flow diagram in a cogeneration plant in paper industry is given below. 

 
Calculate the following 

i) Input coal consumption per hour if feed water temperature is 50oC 

ii) Heat to power ratio of cogeneration plant 

iii) % turbine and generator losses 

L-38 List down any ten points that need attention while selecting biomass fluidised bed 

combustion boiler 

L-39 In a crude distillation unit of a refinery, furnace is operated to heat 500  m
3
/hr of 

crude oil from 255°C to 360°C by firing 3.4 tons/hr of fuel oil having GCV of 



9850 kcal/kg. 

As an energy conservation measure,  the management  has  installed  an air 

preheater (APH) to reduce the flue gas heat loss. The APH is designed to pre-heat 

57 tonnes/hr of combustion air to 195°C. 

Calculate the efficiency of the furnace before & after the installation of APH. 

 

Consider the following data: 

 Specific heat of crude oil = 0.6 kcal/kg°C 

 Specific heat of air = 0.24 kcal/kg°C 

 Specific gravity of Crude oil = 0.85 

Ambient temperature = 28°C. 

L-40 The management of a foundry is considering retrofitting the existing heat 

treatment furnace with hot face insulation of 75 mm ceramic fibre. (Note: Hot 

face insulation is known as veneering: ie over the existing refractory lining, 

ceramic fibre modules are applied to reduce the heat loss during operation and 

heat storage loss in refractory structure). 

 

Furnace Operating data: 

Heat Treatment furnace : (Bogey Type) Batch Operation 

Furnace Capacity : 5 Ton (per batch) 

Fuel type : Furnace Oil 

 

Surface Area of 

Side walls : (1.4 x 4.5) x 2 = 12.6 m
2
 

Back Wall : 0.95 x 1.4 = 1.33 m
2 

Roof : 0.95 x 4.5 = 4.3 m
2
 

Refractory Type : Fire Bricks 

 

Wall Thickness 

Side walls : 18 inches 

Arch : 13.5 inches 

Number of cold starts per month: 5 Nos. 

Number of batches per month: 15 Nos. 

Fuel Cost : Rs 48/ kg 

GCV of furnace oil : 10200 kCal/kg 

 

Heat Storage (kCal /m
2
) for batch operation and cold start from walls and roof 

area are given below. 

 For batch operation Cold Start 

Existing(with 

only fire 

bricks) 

75 mm 

Veneering+ 

fire bricks 

Existing(with 

only fire 

bricks) 

75 mm 

Veneering+ 

fire bricks 



Wall 79480 45350 116697 23,964 

Roof 74770 31,401 97,236 16,438 

 

For batch operation furnace is heated from 300
o
C to 850

o
C 

For cold start up furnace is heated from ambient 30 
o
C to 850

o
C 

 

Calculate the following due to veneering 

a) Total heat loss reduction per month from wall and roof during batch 

operation. 

Total heat loss reduction per month from wall and roof during cold starts. 

L-40 Explain briefly any two of the following 

a) Heat Wheel 

b) Topping and bottoming cycles for cogeneration with examples 

c) Economic thickness of insulation 

L-41 Describe any five properties of ceramic fibre from the point of view of their uses in 

furnace. 

L-42 What is meant by heat- to power ratio in a cogeneration system? Show in a sketch 

three different modes in which a single steam turbine can be used for cogeneration. 

L-43 Explain four types of topping cycle cogeneration systems? 

L-44 What are waste heat recovery boilers?  Explain the need and benefits? 

L-45 (i) state two examples of heat pump applications 

(ii) in which situation are heat pumps most promising?  

(iii) draw the schematics of a heat pump system  

(iv) briefly discuss each process stage 

L-46 On the topic of waste heat recovery boilers, explain the following: 

 

(i) Which are typical applications of waste heat boilers? 

(ii) How do they differ from ordinary steam boilers? 

(iii) In what temperature range do they operate? 

(iv) Is it more energy efficient to generate hot water of 80
0 

C or saturated steam at 

6 bar in a waste heat boiler? Explain 

L-47 The insulation of a steam pipeline is to be upgraded. With the following data calculate 

the simple payback period for the insulation upgradation project. 

Length of the steam pipeline  110 m 

Bare pipe external diameter 100 mm 

Heat loss from the pipe with existing 

25 mm insulation thickness 

2000 kcal/m
2
hr 

Thickness of insulation to be added 25 mm 

Heat loss after insulation upgradation   400 Kcal/m
2
/hr 



Boiler efficiency 75% 

GCV of coal  4000 kcal/kg 

Annual operating hours 8000 hrs 

Cost of coal  Rs. 2000/Ton 

Investment for insulation upgradation Rs. 4 lakhs 
 

L-48 A steam pipeline of 100mm diameter is not insulated for 100 metre length, supplying 

steam at 10 kg/cm 
2
.Find out the fuel savings if it is properly insulated with 50mm 

insulating material. Assume 8000 hours of operation per year. 

Given: 

Boiler efficiency     :80% 

Cost of fuel oil    :Rs20,000/tonne. 

Gross Calorific value of fuel               :10300k.cal/kg 

Surface temperature without insulation  :170
0
C 

Surface temperature after insulation :50
0
C 

Ambient temperature   :30
0
C 

L-49  Explain briefly the principal of operation of  

a) Heat pipe 

b) Radiation Recuperator 

c) Plate Heat Exchanger 

L-50 Explain the significance of heat to power ratio. Under what circumstances is 

cogeneration attractive? 

L-51 (a) Explain the important properties of ceramic fibre. 

(b) Name five general requirements of refractory material. 

L-52 A process industry needs saturated steam at 5 kg/cm
2
(g) and 10 kg/cm

2
(g) pressure 

level for process heating. A fluidized bed boiler generates steam at 22 kg/cm
2
(g) 

pressure at the rate of 24 TPH. 4 TPH of steam is reduced through PRDS for meeting 

the 10 kg/cm
2
(g) steam requirement. The balance steam is passed through a Back 

pressure steam turbine. The turbine back pressure steam at 5 kg/cm
2
(g) is sent to a 

process in the plant. 

 

 a) Mechanical Efficiency of steam turbine  = 92 % 

 b) Losses in gear transmission   = 4% 

 c) Efficiency of alternator   = 96 % 

 d)The total heat of steam at turbine inlet condition at 22 kg/cm
2
 (g) = 708 kCal/kg 

  e) The total heat of steam at turbine outlet condition at 5 kg/cm
2
 (g) = 658 kCal/kg 

Calculate the total power output from the system. 

L-53 Write short notes on any two of the following 

a) general requirements of refractory material for furnace application  

b) causes of boiler tube leakages 

c) thermocompressor 

d) heat pipe 
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