
 

Objective Type 
Each question carries One mark 

 
 
1. Define “sub - stoichiometric ratio” in combustion technology. State one technology 

applying “sub – stoichiometric” combustion? 
 
2. Why does radiation heat loss increase considerably with increase in the temperature of a 

furnace wall?  
 
3. Draw the schematic diagram of topping cycle cogeneration system. 
 
4. Name the two most common types of extended surface heat exchangers. 
 
5. Explain why efficiency testing of electric motors yields different results, even if same 

measuring equipment is used. 
 
6. What is meant by the term “specific power requirement” with respect to air compressors? 

State the units. 
 
7. Define “lamp circuit efficacy”. State the units. 
 

8. Explain why a project with a high IRR is not necessarily more attractive than a project with 
a lower IRR. 

 
9. How do you classify solar thermal devices?  

 

10. Explain how performance of an internal combustion engine changes when the fuel is 
switched from petrol to producer gas. 

 

11. If the power consumed by a refrigeration compressor is 2 kW per ton of refrigeration, what 
is the energy efficiency ratio? 

 
12. When using a chemical cell oxygen measuring device for stack gas analysis, state the 

equation to find out the excess air in %? 
 
13. Which has more energy content, 1 kg of Hydrogen or 1 kg of gasoline? 
 

14. Write the overall heat transfer coefficient U, as a function of sensible heat  
(qs) and latent heat (qL). 

 
15. Which loss is considered the most unreliable or complicated to measure in electric motor 

efficiency testing?  
 
16. The inclined manometer connected to a pitot tube is sensing which pressure in a gas 

stream?   
 
 



 

17. When using an ultrasonic flow meter for flow measurements in a water pipe which major 
additional parameter must be guessed or known to calculate the flow in cubic meter per 
second. 

 
18. What is the correction factor for actual free air discharge in a compressor capacity test if 

compressed air discharge temperature is 150 C higher than ambient air? Assume ambient 
air = 400 C. 

 
19. Which expression to state the energy efficiency of a chiller does not follow the trend “a 

higher number means a more efficient system”? 
 
20. What have all boiler efficiency testing standards in common? 
 

21. State two causes for rise in exit flue gas temperature in a boiler.  
 
22. What are the disadvantages of heating the charge above the optimum temperature in 

steel re-rolling furnaces? 
 
23. State the impact of fouling factor on the overall heat transfer coefficient.  
 
24. List the basic parameters required for assessing refrigeration capacity.  
 
25. While using Pitot tube for airflow measurement in large ducts, series of traverse 

measurements are recommended. Why? 
 
 
26. Static fan efficiency   = (m3/s) x pressure gain in Pascal    Right or wrong? 
 

   Power input to shaft in Watt 
Justify your answer 

 
27. State two methods of non-intrusive water flow measurements in a pipe.  
 
 
28. What is meant by compression ratio for air compressor?  
 

29. How many volt-amperes (VA) does a 60 Watt incandescent light require?  
 

30. A reasonable range of capacity factors for wind electric generators is.… 
 
31. In the determination of which boiler losses, specific heat of superheated steam is used 
 
 
32. In a shell and tube heat exchanger, engaged in heat transfer between fouling fluid and 

clear fluid, the fouling fluid should be put on shell side or tube side? 
 

33. The active power consumed by a pure inductive or capacitive load will be zero.  State - 

True / False. 



 

34. A centrifugal pump raises water to a height of 12 metre. If the same pump handles brine 

with specific gravity of 1.2, to what height the brine will be raised? 

 

35. While reducing excess air in a boiler what two parameters should be closely monitored in 

the exit flue gases? 

 

36. In an air conditioning system analysis which one temperature is sufficient to determine the 

enthalpy of air? 

 
37. Installing the capacitor near motor terminals will increase the design power factor of the 

motor - True / False 

 
38. Between back pressure turbine and condensing turbine which will have more power 

generation efficiency? 

 

39. What is the power factor for electrical loads having only incandescent lamps? 

 

40. Which loss is assumed in the efficiency determination of an induction motor? 

 

41. Which parameter needs to be measured to assess the percentage loading of a motor by 

slip method neglecting voltage correction? 

 
42. In the boiler efficiency calculations by heat loss method, assessment of which loss 

requires the use of fuel firing rate? 

 

43. Write down the term which represents the quantity of heat release by natural convection in 

the equation for determination of heat loss from the surface of a furnace body 

 

44. Between a thermal power plant and a cogeneration plant with a back pressure turbine, 

which will have a higher heat rate? Why? 

 

45. Give two examples for constant torque load and variable torque loads?   

 

 



 

46. What condition is to be maintained to create sonic flow at the nozzle throat in the test set 

up for compressor capacity determination by nozzle method? 

 

47. In a heat exchanger the hot fluid inlet and outlet temperatures are 120 °C and 70 °C. The 

cold fluid inlet and outlet temperatures are 30 °C and 42 °C. Calculate the effectiveness. 

 

48. If the EER of a Refrigeration Unit is 9.3. determine the kW/Ton rating of the system 

 

49. How is the Overall Heat transfer Coefficient related to surface area? 

 

50. Which loss is considered the most unreliable or complicated to measure in electric motor 

efficiency testing? 

51. How is the Overall Heat transfer Coefficient related to surface area? 
 

52. The more fouling fluid should be on which side of a shell & tube heat exchanger and 
why? 

 

53. For which fuel the sulphur dew point of the flue gases is lower: Furnace oil or Natural 
gas. 

 

54. What is the range of conversion efficiency of the gasification process using 
biomass? 

 

55. Calculate the annual power generated from a 100 kW wind turbine generator with a 
capacity factor of 20%? 

 

56. Define Profitability Index? 
 

57. In a power plant boiler if there is air ingress in the flue duct, which auxiliary system 
would be most affected? 

 
58. A cogeneration plant with a back pressure turbine has a constant steam demand and 

fluctuating power demand. What is the common option to meet the fluctuating power 
demand? 

 

59. What are the two major sources of waste heat available from a water-cooled Diesel 
Generator set? 

 

60. For determining heat loss in flue gases due to incomplete combustion which flue gas 
constituent needs to be measured? 



 

61. Which parameter needs to be measured to assess the percentage loading of a 
motor by slip method neglecting voltage correction? 

62. How many volt-amperes (VA) does a 100 Watt incandescent light require? 

 
63. In the indirect method of boiler efficiency evaluation, list any two additional losses 

computed for solid fuel fired boilers as compared to liquid and gas fired boilers? 

 
64. Why do biomass combustion projects qualify for CDM benefits even though they emit 

carbon dioxide? 
 

65. Name two most common bio fuels used for transportation  
 

 
66. Which loss is assumed in the determination of electric motor efficiency?  
 

67. In a shell and tube heat exchanger, engaged in heat transfer between fouling fluid and 
clear fluid, the fouling fluid should be put on shell side or tube side? 

 
 

68. While optimizing excess air in a boiler what two parameters should be closely monitored in 
the exit flue gases? 

 

69. Name any two instruments required for efficiency evaluation of a furnace. 

 
70. Which is more energy efficient for the same ratings – an induction motor or a transformer? 

 
71. What will be the volume percentage of nitrogen in flue gas on dry basis, when pure 

hydrogen is burned with theoretical air? 

 
72. Name the device that upgrades low temperature heat to high temperature heat. 

 
73. Which loss is unique to boilers and does not occur in furnaces? 

 
74. What is profitability index? 

 
75. Write the relation between COP and kW/TR for a refrigeration system 

 
76. The dry bulb temperature is 30 0C and the wet bulb temperature is 30 0C. What is the 

percentage relative humidity? 

 

77. In what type of furnace, a top pressure recovery turbine is used?  



 

 

78. In a heat exchanger, the hot fluid inlet and outlet temperatures are 110 °C and 70 °C. The 
cold fluid inlet and outlet temperatures are 30 °C and 45 °C. The effectiveness of heat 
exchanger is 

 

79. Name two types of discounted cash-flow techniques used in the financial evaluation of 
energy saving projects 

 
80. Name two areas of major thermal energy consumption in a cement plant  
 

81. For which fuel the difference between GCV and LCV will be higher, Coal or Natural Gas? 
 

 
82. What are the two major functions of coke in a blast furnace? 

 
83. For a thermal power plant, which type of heat rate (Gross or Net) has a higher value for 

the same generator output? 
 
84. Why humidification is required in spinning and weaving sections of textile processing?  
 
85. What is the purpose of „reheat‟ in a thermal power plant cycle? 
 

 
86. In a rotary kiln of cement plant, why % CO2 in exhaust gases cannot be an indicator of 

excess air?  
 

87. When you do a walk through energy audit of a cooling tower, which two parameters will 
you quickly spot check for indication of the cooling tower performance? 

 
88. Which component of a cooling tower enhances heat transfer by maximizing water and air 

contact? 
 

 
89. What is the index used to express the harmonics level in an electrical system? 
 
90. The EER of an air conditioner as indicated in BEE Star labeling scheme is represented 

in_________   
 

    
91. For the determination of which boiler losses by indirect method, the specific heat of 

superheated water vapour is used? 

 
92. While reducing excess air in a boiler, what two parameters should be closely monitored in 

the exit flue gases? 
 

93. Between back pressure turbine and condensing turbine which will have more power 
generation efficiency? 



 

 
 

94. Calculate the boiler efficiency where the Turbine heat rate is 1930 kCal/ kWh and the 
generating unit heat rate is 2250 kCal/kWh 
 

95. In a power plant boiler, if there is air ingress in the flue gas duct, which auxiliary 
equipment would be most affected? 

 
 

96. The loading and unloading of a reciprocating compressor is carried out based on______ 
 

97. In a vapour compression refrigeration system, why the heat rejected in the condenser is 
more than the heat absorbed in the evaporator? 

 
 

98. If the unit heat rate is 3120 kcal/kWh and the turbine heat rate is 2808 kCal/kWh what is 
the boiler efficiency? 
 

99. A rise in conductivity of boiler feed water indicates    

 

100. Why is it preferable to measure the flow at the inlet side of the fan? 
 

 

101. The critical point of steam occurs at _  bar and  oC 

 

102. In a heat exchanger  is  the ratio of actual heat transfer rate to    the maximum heat 
transfer rate. 

 

 

103. In an integrated steel plant pig iron is produced from  _furnace? 

 

104. PLF of a 210 MW power plant is 80% , what is the annual gross generation in MWh 

 

105. A pump operates on water with a total head of 12 m. If water is replaced by brine with a 
specific gravity of 1.2 what will be the total head developed by the pump? 

 

106. A draft system in a boiler which uses both FD and ID fan is called……. 
 

107. If EER of a 1.5 TR window air conditioner is 2.5 what will be the power 
input? 

 

108. What is the significance of monitoring dew point of compressed air for 
pneumatic instruments application? 

 

 

109. For a thermal power plant, the percentage auxiliary consumption of a 



 

500 MW unit is …………..than that of a 110 MW unit. 

 

110. Between one litre of „liquid hydrogen‟ and one litre of „liquid gasoline‟ 
which will have a higher heat content? 

 

 

111. Why is the COP of a vapour absorption refrigeration system always less 
than one? 

 

112. Regenerators utilising waste heat are widely used in  furnaces 
 

 

113. Why small bypass lines are provided in a centrifugal pump? 

 

114. If the speed of a reciprocating pump is reduced by 50 %, what will be its 
effect on the head? 

 

115. As the „approach‟ increases, the other parameters remaining constant, 
the effectiveness of cooling tower will    

 

116. In a DG set, waste heat is used for steam generation. This type of 
cogeneration is called  cycle. 

 

117. Which loss is not considered while evaluating boiler efficiency by “Indirect Method”? 
 

118. What will be the synchronous speed of a VFD driven 4-pole induction motor operating at 
40 Hz? 

 

119. What is the refrigerant used in a vapour absorption system with lithium bromide as an 
absorbent? 

 

120. Other than rated kW of motor and the actual power drawn, what other parameter is 
required to determine the percentage loading of the motor? 

 
121. Inclined tube manometer is used for measuring gas flow in a duct when the air 

velocity is very high: True or False? 
 
122. A pump will cavitate if the NPSHrequired is  than the NPSHavailable. 

 
 

123. To determine the effectiveness of the cooling tower, it is required to measure cooling water 
inlet, outlet and  temperatures. 

 



 

124. The ratio of actual heat transfer to the heat that could be transferred by heat exchanger of 
infinite size is termed as ……… 

 
 

125. If the unit heat rate of a power plant is 3070 kcal/kWh, what is the power plant efficiency? 
 

126. The difference between GCV and NCV of hydrogen fuel is Zero: True or False 

 

127. Why the exhaust temperature of furnace oil is fired systems limited to about 1700C?  
 
128. The net present value of a energy conservation project is Rs.48,784/- and the initial capital 

investment Rs,2,00,000/- calculate the profitability index of the project. 
 
129. The dry bulb and wet bulb temperatures of air entering an air washer are 35 and 28 0C 

respectively. If the saturation efficiency is 90 %, calculate the air temperature leaving the 
air washer. 

130. Other than exhaust gas what is the major source of waste heat recovery in a water 
cooled DG set? 

 

131. In poorly loaded motor, current measurements are not a right indicator of motor loading. 
Why? 

 
132. If the condenser back pressure is 76 mm Hg, calculate the condenser vacuum. if the 

atmospheric pressure is 745 mmHg. 
 
133. If the coal GCV is 4000 kcal/kg and specific coal consumption is 0.65 kg/kWh, what is the 

power station gross efficiency?  
 
134. For a process requiring indirect heating to 200oC, thermic fluid is preferred to steam as a 

heat carrier. Why?  
 
135. Between a natural gas fired boiler and oil fired boiler which will have a higher percentage 

of hydrogen loss in flue gas? Why?  
 
136. After cleaning of choked AHU filter, AHU fan power increased. Why?  
 
137. An air washer cools the water and a cooling tower cools the air. True or False. 
 
138. A 11 kW induction motor has an efficiency of 90% what will be its maximum delivered 

output? 
 
139. The COP of a vapour absorption refrigeration system is lower than the COP of a vapour 

compression refrigeration system-True /false. 
 

 
140. An industrial electrical system is operating at unity power factor. Addition of further 

capacitors will reduce the maximum demand (kVA). True or False. 
 

141. Which parameter in the proximate analysis of coal is an index of ease of ignition? 



 

 
 

142. The major source of heat loss in a coal fired thermal power plant is through flue gas 
losses in the boiler. True or false. 
 

143. With evaporative cooling, it is possible to attain water temperatures below the atmospheric 
wet bulb temperature. True or False 

 
 

144. A pump is retrofitted with a VFD and operated at full speed. Will the power consumption 
increase or decrease or remain the same? 
 

145. De-aeration in boiler refers to removal of dissolved gases. True or false 
 

 
146. In a compressed air system, the function of the after cooler is to reduce the work of 

compression. True or False 
 

147. A rise in conductivity of boiler feed water indicates a rise in ____ level of feed water. 
 
148. In a parallel flow heat exchanger the hot fluid inlet temperature is 150 °C . The cold fluid 

inlet and outlet temperatures are 45 °C and 60 °C. Calculate the effectiveness. 
 
149. Integrated Part Load Value (IPLV) in a vapour compression refrigeration refers to average 

of ____with partial loads 
 
150. A pure resistive load in an alternating current (AC) circuit draws only reactive power – 

True or False 
 
151. In a reciprocating air compressor, if the speed is reduced to 80%, the power will reduce by 

about 50% -True or False 
 
152. If slip of an induction motor increases, the shaft speed also increases – True or False 
 
153. The advantage of evaporative cooling is that it is possible to obtain water temperatures 

below the wet bulb economically. True or false 
 
154. In a step down transformer for a given load the current in the primary will be more than the 

current in the secondary. True or false 
 

 
155. For two pumps to be operated in parallel their ______heads should be the same 
 
156. A fluid coupling changes the speed of the driven equipment without changing the speed of 

the motor. True or false 
  



 

 

Short Answer Questions 
Each question carries Five marks 

 
1. Assume that the boiler efficiency is calculated by the direct method using either NCV or 

GCV.  
 

(i) What is the difference in the efficiency calculation using NCV or  

GCV?  

  (ii) State an example where boiler efficiency is more than 100%, if not,  

 explain why this is not possible. 

 

2. Which is one of the first essential steps in determining the suitability of a variable speed 

drive in a pump system? Explain why? 

3. (i) List any four common losses of boilers and furnaces. 

 

 (ii) Which loss is unique to boilers and does not occur in furnaces? 

 

4. The suction head of a pump is 5 m below the pump centerline.  The discharge pressure is 

3 kg/cm2.  The flow rate of water is 100 m3 /hr.  Find out the pump efficiency if the actual 

power input at the shaft is 12 kW.  

 

5. A centrifugal clear water pump rated for 800 m3/hr was found to be operating at 576 m3/hr 

with discharge valve throttled. The pumps speed is 1485 RPM. The discharge pressure of 

the pump before the throttle valve is 2 kg/cm2g. The pump draws the water from a sump 4 

metres below the centerline of the pump. The input power drawn by the motor is 124 kW 

at a motor efficiency of 92%.  

 

(i)  Find out the efficiency of the pump. 

 

(ii)  If the normal required water flow rate is 500 m3/hr to 700 m3/hr, what in your opinion 

should be the most energy efficient option to get the required flow rate variation?  

 

(iii)  And what would be the pump shaft power for that most energy efficient option if the 

pump is delivering the flow rate of 550 m3/hr.  

       

 



 

 

6. A 30 kW four pole induction motor operating at 50 Hz and rated for 415 V and 1440 RPM, 

the actual measured speed is 1460 RPM. Find out the percentage loading of the motor if 

the voltage applied is 425 V.        

7. On the recommendations of energy auditor a company replaced a 15 kW, 4 pole standard 

motor by a 15 kW, 4 pole energy efficient motor for a centrifugal fan. The power 

consumption of energy efficient motor actually increased, while the grid frequency and 

voltage remained same.  What could be the reason? 

8. In a commercial building, an energy auditor recommended to bring down the cooling tower 

from the terrace to the ground with a view to save energy in the pump. Details are given in 

the sketch below. Ignoring the friction losses, will this measure save energy? Explain with 

reason 

Cooling 

Tower

Pump

56m

Condenser

Pump

2 m

Cooling 

Tower

Condenser

 

9. In a heat exchanger, the hot stream enters at 80°C and leaves at 50°C. On the other 

hand, the cold stream enters at 20°C and leaves the heat exchanger at 50°C. Determine 

whether the heat exchanger is counter-current type or co-current type.   

10. A retail store has 100 numbers of 40 W fluorescent tube lights (FTL). The length and width 

of a retail store is 15 m and 10 m respectively. The ballast of the FTLs were measured to 

be 13 W per ballast on an average. The mounting height is 2.4 m from the working plane 

and the average maintained illuminance is 900 lux. Determine the room index, Target 

lux/W/m2 and annual energy wastage in kWh if the FTLs operate for 5000 hours in a year. 

 



 

11. A trial for finding out the actual capacity of a reciprocating instrument air compressor of 

nominal capacity of 900 Nm^3/Hr was done. 

The following observations were made: 

Atmospheric pressure: 1.033 kg/sq.cm 

Ambient temperature: 30 deg. C 

Receiver capacity: 12 m^3 

Additional hold-up volume: 10% of receiver volume 

Initial pressure (after bleeding): 0.2 kg/sq.cm g 

Final pressure (after pump-up): 7.0 kg/sq.cm g 

Pump-up time: 5 min: 30 sec 

Motor power (avg): 105 kW (as per power analyzer) 

Discharge temperature: 45 deg. C 

Calculate: 

i) The actual compressor capacity 

ii) The specific power consumption in kW/nm3/hr 

 

12. The following parameters were observed during the performance testing of pump. 

Flow rate of fluid: 900m3/hr. 

Density of fluid: 950kg/m3 

Discharge pressure: 5.0kg/cm2(a) 

Suction head: 5 metre above the pump centerline. 

Measured power: 180kW 

Motor efficiency: 90% 

Calculate the pump efficiency. 

  
13. The suction head of a pump is 5 m below the pump centerline.  The discharge pressure is 

4 kg/cm2.  The flow rate of water is 100 m3 /hr.  Find out the pump efficiency if the actual 
power input at the shaft is 15 kW.  

  

14. Calculate the blow down rate for a boiler with an evaporation rate of 3 tons/hr, if the 

maximum permissible TDS in boiler water is 3000 ppm. The make-up water addition rate 

is 10 % and the feed water TDS is around 250 ppm.  

15. The steam flow to a process plant is 5000 kg/hr. 2000 kg/hr of condensate at 173oC is 

returned to boiler feed water tank due to its own pressure. However there is 10% heat loss 

in transit to boiler feed tank. The balance is made up as feed water at 30oC. The final feed 

water temperature observed was 95oC. Comment on the feed water temperature. The 

plant personnel are sure that the temperature gauge is in order. 



 

 

16. The maximum demand registered by an automobile plant is 5000 KVA and the power 

factor is 0.95. The plant management converts the existing electrical resistance heated 

furnace with an average load of 750 kW to gas heating as a cost reduction measure. What 

will be effect on maximum demand and power factor with this conversion? 

 
17.    In a double pipe heat exchanger hot fluid is entering at 220 °C and leaving at  115 °C. 

Cold fluid enters at 10 °C and leaves at 75 °C.  The mass flow rate of the hot fluid is 100 

kg/hr, Cp of hot fluid 1.1 kCal/kg°C and Cp of cold fluid 0.95 kCal/kg°C. Calculate LMTD, 

if the flow is counter current. 
 

18. Determine the actual output power of an induction motor using the following data? 
  

No. of poles    = 2 
Frequency    = 50 Hz 
Rated voltage    = 415 V 
Name plate full load speed  = 2980 rpm 
Measured speed at 430 V  = 2989 rpm 
Name plate rated power  = 22 kW 

 

19.    The following are the operating parameters of a regenerative feed water heater in a 

thermal power plant 

 

 Saturation temperature of steam to heater  - 84.3 oC 

 Inlet feed water temperature                         - 44 oC 

 Outlet feed water temperature                      - 75 oC 

 Drain outlet temperature                              - 58.4 oC 

 Calculate the Terminal Temperature Difference (TTD) and Drain Cooler Approach 

(DCA).  

20. In a 30 kW four pole induction motor operating at 49.9 Hz and rated for 415 V and 1470 

RPM, the actual measured speed is 1485 RPM. Find out the percentage loading of the 

motor if the voltage applied is 425 V. 

21. An open cycle gas turbine was running with naphtha as fuel. The following are the data 

collected during the gas turbine operation: 

 

Fuel (Naphtha) consumption                                   :  180 kg/hr 

GCV of naphtha fuel                                          : 11500 kCal/kg 

Overall Efficiency of gas turbine which includes  

air compressor and alternator                                   :  25% 

Cost of naphtha fuel                                          : Rs.40,000/Ton  

 

Find out the cost of fuel for generating one unit of electricity.   



 

22. In an air conditioning duct 0.5 m x 0.5 m, the average velocity of air measured by vane 

anemometer is 28 m/s.  The static pressure at suction of the fan is -20 mmWC and at the 

discharge is 30 mmWC.  The three phase induction motor draws 10.8 A at 415 V with a 

power factor of 0.9.  Find out the efficiency of the fan if motor efficiency = 90% (Neglect air 

density correction). 

 

23. Calculate pressure drop in meters when pipe diameter is increased from 250 mm to 300 

mm for a length of 600 meters. Water velocity is 2 m/s in the 250 mm diameter pipe and 

friction factor is 0.005. 

 

24. A three phase 37 kW four pole induction motor operating at 49.8 Hz is rated for 415 V, 50 

Hz and 1440 RPM. The actual measured speed is 1460 RPM. Find out the percentage 

loading of the motor if the voltage applied is 410 V. 

  

25. An automobile plant has a maximum demand of 5000 kVA at a PF of 0.95. The plant has 

shifted its electric annealing furnace with a steady resistive load of 600 kW to its foundry 

unit in a nearby location after suitable modifications. What will be the new PF of the 

automobile plant without the electric annealing furnace?  

 
 
26. In a medium sized engineering industry a 340 m3/hr reciprocating compressor is operated 

to meet compressed air requirement at 7 bar. The compressor is in loaded condition for 

80% of the time. The compressor draws 32 kW during load and 7 kW during unload cycle.  

 

After arresting the system leakages the loading time of the compressor came down to 

60%.  

Calculate the annual energy savings at 6000 hours of operation per year  

 

27. Hot water at 80 OC is used for room heating in a 5 Star hotel for 4 months in a year. About 
200 litres per minute of hot water is maintained in circulation with the return temperature at 
50 OC. The hot water is generated using a „hot waste stream‟, through a Plate Heat 
Exchanger (PHE). The hot stream enters the PHE in counterflow direction at 95 OC and 
leaves at 60 OC. The area of the heat exchanger is 20 m2.  
 

Calculate the LMTD and the overall heat transfer coefficient.  

 

28. A gas turbine generator is delivering an output of 20 MW in an open cycle with a heat rate 

of 3440 kcal/kWh. It is converted to combined cycle plant by adding heat recovery steam 

generator and a steam turbine raising the power generation output to 28 MW. However, 

with this retrofitting and increased auxiliary consumption, the fuel consumption increases 

by 5% in the gas turbine  

 

Calculate the combined cycle gross heat rate and efficiency.  



 

 

 

29. A pump is drawing water through a 150 mm diameter pipe with a suction head of 3.5 m 

below the pump centre line. Find out the pump efficiency if the actual power input the 

motor is 17.6 kW at a motor efficiency of 90 %. The discharge pressure is 4.5 kg/cm2 and 

the velocity of water through the pipe as measured by an ultrasonic flow meter is 1 m/s. 

 

30. A luxury hotel is using a diesel fired heater with an efficiency of 70% for supplying hot 

water at 55oC from an initial temperature of 20oC. The hot water requirement is 24,000 

litres per day. 

The management is considering to install a specially designed electric heat pump for the 

specific high hot water temperature requirement with a heat pump coefficient of 

performance (C. O. P.) of 2. Find out the reduction in daily operating cost with heat pump 

in place of diesel fired heater ignoring auxiliary energy consumption. The following data 

are given. 

 

Electricity cost = Rs.10/kWh 

Diesel cost = Rs.50/litre 

G.C.V. of diesel = 9100 kcal/litre 

 

31. In a petrochemical industry the LP & HP boilers have the same evaporation ratio of 14 

using the same fuel oil. The operating details of LP & HP boiler are given below: 

 

 

 Particulars   LP Boiler   HP Boiler  

 Pressure   10 Kg./cm2a   32 Kg./cm2a  

 Temperature   Saturated Steam   400oC  

 Enthalpy of steam   665 Kcal/kg   732 Kcal/kg  

 Enthalpy of feed water   80oC   105oC  

 Evaporation Ratio   14   14  

 

Find out the efficiency of HP boiler if the LP boiler efficiency is 80%. 

 

32. While carrying out an energy audit of a pumping system, the treated water flow (in open 

channel) was measured by the tracer method. 20% salt solution was used as the tracer 

which was dosed @ 2 lts/min. The water analysis about 500 mtrs away revealed salt 

concentration of 0.5%. Assuming complete mixing and no losses, calculate the water flow 

rate. 

 



 

33. In a Process Industry the L.P and H.P boilers have the same efficiency of 83%. The 

operating parameters and data are given below: 

 

Boiler     L.P. (Low Pressure)    H.P. (High Pressure) 

Efficiency on G.C.V.  83%      83% 

Fuel    Furnace Oil    Furnace Oil 

G.C.V.    10,000 Kcal/Kg.   10,000 Kcal/Kg. 

Steam enthalpy   666 Kcal/Kg.    737 Kcal/Kg. 

Feed water temperature 95oC     105oC 

 

The cost of steam from L.P boiler is Rs. 3000 per tonne. Find out the cost of steam from 

H.P boiler 

 

34. A shell-and-tube heat exchanger with 2-shell passes and 8-tube passes is used to heat 

ethyl alcohol (Cp= 2670 J/kgoC) in the tubes from 25oC to 70oC at a rate of 2.1 kg/s. 

The heating is to be done by water (Cp= 4190 J/kgoC) that enters the shell side at 95oC 

and leaves at 45oC. 

The LMTD correction factor for this heat exchanger is 0.82 

If the overall heat transfer coefficient is 950 W/m2oC, determine the flow rate of water in 

kg/s and surface area of the heat exchanger in m2. 

  



 

Numerical Questions 

Each question carries Twenty marks 

1. Determine the simple payback period of the incremental investment for two transformers 

with the following details:  

   Option A Option B 
 

 Capacity  500 kVA 500 kVA 

 Efficiency at rated capacity 98%  98.5% 

 Capital cost  Rs. 3.15 lakhs  Rs. 4.05 lakhs  

  

 Assume the following for both the transformers  

 Operating PF at rated capacity  = 0.9 

 No load losses  = same 

 Energy charge  = Rs. 4.50/kWh 

  

 For the analysis consider two cases for the length of time during which the transformers 

are used at rated capacity 

 (a)  10 hours/day and 250 days/year of operation 

 (b)  16 hours/day and 300 days/year of operation 

  
 Two solutions are possible depending on whether the kVa is taken as transformer input 

or output. Both are acceptable 
 

2. A reciprocating single stage compressor coupled with an electric motor has a mechanical 

shaft power requirement of 50 kW at a discharge pressure of 700 kPa. Determine the 

energy cost savings if the discharge pressure is reduced to 600 kPa for both isothermal 

and adiabatic compression processes.  Assume the following for the existing and modified 

pressure conditions: 

 Intake air pressure    = 1 atmosphere,   motor operating efficiency = 90% 

 Average load factor   = 75%,   operating hours = 8000 hours/year 

 Average energy charge = Rs. 4.5/kWh    

 No change in remaining parameters  

 

3. It is proposed to install at the beginning of the year a heat recovery equipment in a food 

processing industry. The capital cost of the equipment is Rs 20,000/. The savings accrued 

by the unit are constant and Rs 5,000/- annually. The discount rate is 8%. 
 

(i) Calculate the Net Present Value (NPV) for 5 years. 

(ii) Is the investment recovered after 5 years? Explain! 

(iii) Is the investment recovered after 7 years? Explain! 

(iv) Estimate the IRR for this investment after 7 years if the salvage value of the 

equipment is Rs 2,000 at the end of 7th year. 

 



 

4. The following are the data collected for a boiler using furnace oil as the fuel. Determine 

the boiler efficiency based on GCV by indirect method ignoring radiation and convection 

losses.  

 

 Ultimate chemical analysis (% weight):  Carbon: 84, Hydrogen: 12,     Nitrogen: 0.5, 

Oxygen: 1.5, Sulphur: 1.5, Moisture: 0.5, NCV of fuel 9,763 kCal/kg and humidity 0.025 kg 

moisture /kg of dry air.  

 

Flue gas analysis: CO2: 9.8% volume, flue gas exit temperature: 190oC and ambient 

temperature: 30oC.  

 

5. You as an energy auditor have the task to quickly assess within 20 minutes the technical/ 

financial performance of a paddy husk fired power plant to be installed.   

 The plant owner provided you the following information. 

 Nominal capacity     : 7 MW 

 Assumed plant load factor  : 0.75 

 Number of hours of operation : 8760/ year 

 Analysis of paddy husk  
 

Fuel property Weight % 

Moisture 10.79 

Mineral Matter 16.73 

Carbon 33.95 

Hydrogen 5.01 

Nitrogen 1.00 

Oxygen 32.52 

GCV (kCal/kg) 3,568 

 

Provide solutions to the following to the plant owner.  

(i) Tonnes of paddy husk to be fired per year if the power plant has an overall efficiency of 
25%.  

(ii) The area required in square meters to store an inventory of paddy husk 30 cm high for 4 

days of operation. Assume paddy husk bulk density of 100 kg/m3.    



 

(iii) Power plant capital cost is Rs. 28 crores and rice husk cost as delivered is Rs. 1500/ 

tonne. Annual repair, maintenance and operation costs are 10% of capital costs.  What is 

the simple payback period if electricity is sold at Rs.3/kWh.  

 

6. A performance evaluation of a large air fan resulted in the following data.  
 
 Pitot tube measurement average  
 Velocity pressure : 75 mm water column 
  

 Suction pressure : - 20 mm water column 
 

 Outlet pressure : 480 mm water column 
 

 Area of duct  : 8 square meter 
 

 Pitot tube constant : 0.85 
 

 Corrected gas density : 1.15 kg/ m3  
 

(i) Calculate flow in m3/sec. 

(ii) Calculate the static fan efficiency based on the following 3 phase motor data. 

 Line current      : 100 Amps 

 Line voltage      : 11,000 volts 

 Power factor of electric motor  : 0.9 

 Efficiency of motor at the operating load is 95%. 

 

7. A multi-storied shopping mall has installed 5 x 110 TR reciprocating compressors of which 

four compressors are in use and fully loaded for 14 hours per day.  The specific power 

consumption of reciprocating compressor is 0.8 kW/TR.  Due to higher energy cost the 

shopping mall chief engineer has decided to replace reciprocating compressors with 

screw compressors having specific power consumption of 0.65 kW/TR. The chief engineer 

needs following input from energy consultant: 
 

(i)  Comparison of power and electricity consumption of both reciprocating and screw 
compressors? 

(ii)  Annual energy bill savings (for 320 days operation). Present unit cost is Rs 6.00 per 
kWh 

(iii)  What should be the size of cooling tower required for proposed screw 
compressors? 

 

 



 

8. (i)  What is the total weight of flue gas generated when 20 kg of Methane  

         (CH4 ) is burned with 10% excess air?   

 (ii) How much heat will be recovered from the flue gas by providing an  

         additional water heater if the flue gas is cooled from 3000 C to 1400 C?   

Additional Information: 

Atomic weights C=12, H = 1, O = 16;  

Specific heat of flue gas = 0.24 kCal/kgoC).   

Assume combustion air is 77% Nitrogen (N2) and 23% Oxygen (O2) by weight. 

 

9. A process plant requires 28 tons of steam per hour and 2250 kW of electric power.  The 

plant operates for 8000 hours per annum. Steam is generated at 2 bar (g) in a coal fired 

boiler with an efficiency of 75%. The feed water temperature is 80OC. The calorific value of 

coal is 4000 kcal/kg. The cost of coal is Rs. 2000/ton. Power is drawn from the grid at Rs. 

4/kWh. The contract demand is 3000 kVA with the electricity supply company and the 

plant is charged for 100% of the contract demand at Rs. 300/kVA/month. The plant has 

never exceeded its contract demand in the past. 

 

The plant is planning for a back pressure cogeneration system using the same coal with 

the following parameters. The power and steam demand are to be fully met by the 

cogeneration plant and a contract demand of 1000 kVA with the grid is to be kept for 

emergency purposes.  

Find out the IRR over a project life cycle of 6 years for the proposed cogeneration system 

 Cogeneration System data: 

 

 Boiler generation pressure         - 18 bar (g), 310OC 

 Boiler efficiency                               -  81% 

 Investment required                           -  Rs. 20 crores 

 Generated power                               = 2250 kW   

  Steam enthalpy data:  

 

 Total enthalpy at 2 bar (g)          = 647.13 kcal/kg 

 Total enthalpy at 18 bar (g), 310oC    = 730.28 kcal/kg 

 



 

10. In a double pipe heat exchanger hot fluid is entering at 220°C and leaving at 115°C. Cold 

fluid enters at 10oC and leaves at 75°C. The following data is provided for hot and cold 

fluids. 

 Mass flow rate of hot fluid   = 100 kg/hr  

 Cp of hot fluid    = 1.1 kcal/kg°C  

 Cp of cold fluid    = 0.95 kcal/kg°C  

(i)  Calculate LMTD 

a)   For parallel flow 

b) For counter current flow 

(ii)  Which flow arrangement is preferable and why? 

(iii) Find the mass flow rate of cold fluid if the heat loss during the exchange is 5%. 

 

11. An efficiency trial was conducted in furnace oil fired boiler during the conduct of energy 

audit study and the following data were collected. 

  

 Boiler Data: 

 Rated capacity                   = 10 TPH (F&A 100oC) 

 Rated efficiency                    = 84% 

 Actual steam generation pressure  = 7 kg/cm2 (g) saturated 

 Feed water temperature              = 45oC 

Boiler was found to be operating at rated steam pressure and flow conditions 

 Furnace Oil Data: 

 Furnace oil consumption          = 600 litre per hour 

 GCV of oil                               = 10200 kcal/kg 

 Specific gravity of oil                     = 0.92 

 % Carbon                                        = 84% 

 % Hydrogen                                     = 12% 

 % Sulphur                                       =   3% 

 % Oxygen                                       = Nil 

 % Nitrogen                                       = 1% 

 Cost      = Rs. 20/kg 



 

 Flue Gas Data:  

  % O2
 in flue gas                             = 5.5% by volume 

 CO in flue gas                                          = Nil 

 Flue gas temperature                       = 240oC 

 Specific heat of flue gas                 = 0.24 kcal/kgoC 

 Moisture in ambient air                    = 0.03 kg/kg of air 

 Ambient air temperature                   = 40oC 

 Assume surface heat and unaccounted losses  = 2% 

Determine the following: 

 

(i) Boiler efficiency by indirect method  

(ii) Find out the annual savings in Rs per year if the boiler was operating at its rated 

efficiency.  

(iii) Also suggest possible measures to improve the efficiency of the boiler. 

 

12. A V-belt centrifugal fan is supplying air to a chemical process. The performance test on 

the fan gave the following parameters.  

 

Ambient temperature 40oC 

Density of air at 0oC 1.293 kg/m3 

Diameter of the discharge air duct 1 m 

Velocity pressure measured by Pitot tube in 

discharge duct 

47 mmWC 

Pitot tube coefficient 0.9 

Static pressure at fan inlet - 22 mmWC 

Static pressure at fan outlet 188 mmWC 

Power drawn by the motor coupled with the  fan 72 kW 

Belt transmission efficiency 95% 

Motor efficiency at the operating load 90 % 

 

(i) Find out the efficiency of the fan. 



 

(ii) Due to modification in the chemical process, only half of the operating flow will be 

required in future. This is to be effected by damper control method. The fan 

characteristic curve shows that the total static head developed by the fan will be 333 

mmWC and static fan efficiency will be 61% by damper control method.  

Find out what will be the annual savings at 8000 hours of operation per year and an 

energy cost of Rs. 4.50 /kWh. Assume that the motor efficiency and belt transmission 

efficiency remains same. 

(iii) List down the various energy conservation options to achieve the modified flow rate. 

 

13.  An energy auditor undertakes the energy audit of a steam system. The operating data is 

given as per the schematic diagram given below 

 

Boiler 

Capacity 

8 TPH

Feed 

Pump

Feed Water 

Tank

Steam

Flow rate = 7 TPH

Pressure = 10 kg/cm 2 (g)

Temperature = 180 °C

Condensate

Return

Quantity  = 5TPH

Temp. = 94 °C

Make-up water

Quantity  = 2TPH

Temp. = 28 °C

Bare Pipe

 

Key data and assumptions are enunciated below: 
 

a)  Specific enthalpy of water at 10 kg/cm2 (g) pressure : 186 kCal/kg 

b)  Specific enthalpy of evaporation/latent heat at 10 kg/cm2 (g) 
pressure  

: 478 kCal/kg 

 

c)  Dryness fraction of steam generated  : 0.95 

d)  Coal consumption : 840 kg/ hr 

e)  Net calorific value (NCV) of imported coal : 6269 kCal/kg 



 

f)  Moisture in coal : 3.5% 

g)  Hydrogen in coal : 4% 

 Other parameters as indicated in the above figure :  

Based on preliminary data assessment as stated above, calculate the following: 

                 

i. Feed water temperature to boiler  

ii. Boiler efficiency by direct method on GCV basis 

iii. If the condensate return is enhanced to 6 TPH (steam generation of 7 TPH remaining 

same) what will be the reduction in coal consumption?  

 
14. A process industry invites an energy auditor to suggest ways and means to reduce the 

maximum demand on the grid supply. The process industry has a contract demand of 

3940 kVA with Electricity Supply Company. The average monthly maximum demand is 

recorded as 3250 kVA at the power factor of 0.9. The process industry has to pay 

minimum demand charges of 75% of the contact demand to the electricity supply 

company.  

 

 After analyzing the electricity bill, the auditor studies the existing PF capacitors installation at the 

plant LT substation bus bar and observes the following connections. 

 

R

Y

B

N

Operating line 

to line voltage 

415 V, 

AC,3 Phase

PF capacitors
--10 capacitor banks per phase 

--Each capacitor bank having 5 units

--Each unit rated for 10 kVAr at 415V

-- Neutral potential is zero volt

PF capacitors PF capacitors

 

The auditor observes that, there are 10 capacitor banks per phase, each bank comprises of 5 

units of PF capacitors and each unit is rated for 10 kVAr at 415 V.  Give your answer on the 

following 



 

a) What is the optimum limit of Power factor improvement, so that plant avoids paying 

demand charges over and above the minimum demand charges? 

b) What would be the annual maximum demand charge saving if the existing power factor 

is improved to optimum power factor (MD charges @  Rs. 300/- per kVA per month) ? 

c) What is the additional PF capacitors kVARs requirement to achieve the desired PF? 

d) What is the present operating capacity of PF capacitors installation at the LT substation 

bus bar?  

e) Whether energy auditor would still recommend installation of extra power factor 

capacitors in the above situation to achieve the additional PF capacitors kVARs 

requirement with the existing capacitors installation at the LT bus bar? Support your 

answer with reasons. 

 

 15. Government of India has undertaken various schemes to promote energy efficiency in the 

country. In the last one year implementation of these schemes have resulted in savings as 

given below: 

 

S. 
No. 

Name of the scheme Energy Source Units Quantity Saved 

1 Energy Efficiency in 
Buildings 

Electricity from 
grid 

Million kWh 62 

2 Energy Efficiency in 
Industries 

Electricity from 
Grid 

Million kWh 1216 

Electricity from 
Captive Diesel 
Generation 

Million kWh 1000 

Fuel Oil Lakh kilo 
liter 

1.85 

Coal Lakh tons 3.5 

Natural Gas  Lakh Sm3 15728 

3 Domestic Appliance 
Labelling Scheme 

Electricity from 
grid 

Million kWh 1374 

4 Various other schemes 
as reported by different 
States exclusive of GOI 
schemes 

Electricity from 
grid 

Million kWh 635 

  Thermal Energy 
Saved 

MTOE 80702 

 

Given that:  

1 kWhr     = 860 kCal 

GCV of Coal     = 4000 kCal/ kg 

GCV of Natural Gas    = 8500 k Cal/Sm3 

Assuming GCV of fuel Oil & Diesel  = 10000 kCal/kg 

Specific gravity of fuel Oil   = 0.94, & for diesel 0.85 



 

Assume average Transmission and Distribution Losses in India = 20% 

Average Plant Load Factor   = 78% 
Specific diesel consumption   = 3.5 kWh/ltr 

 
Calculate :    i) Total Energy Saved in MTOE (metric ton oil equivalent) 

ii) Total Generation Capacity Avoided (in MW) in the country because of energy 

savings due to   grid connected power. 

 
16. A pharma unit had installed a centralized refrigeration system of 120 TR Capacity several 

years ago. The refrigeration system operators 24 hours a day, 200 days per annum and 

the average electricity cost is Rs. 4.5/ kWh. The following are the key operational 

parameters. 

 

 Compressor operating current and power factor : 153 amps. 0.9 pf 

 Condenser pump operating current and power factor: 43 amps, 0.88 pf 

 Chiller pump operating current and power factor : 25 amps, 0.9 pf 

 CT fan operating current and power factor  : 20 amps. 0.65 pf 

 ΔT across the chiller (evaporator)   : 3.5OC 

 Chilled water flow     : 23 Lit  / Sec 

 Total head developed by chiller pump  :  35 mtrs. 

 Condenser water flow     : 41 Lit / Sec 

 Total head developed by condenser pump  : 30 mtrs. 
 
PS: all the motors operate at 415 Volts: 
 
Calculate: 
 

 The power consumed by the compressor, condenser pump, chiller pump and CT fan. 

 TR developed by the system 

 Specific power consumption i.e. overall kW/TR and COP and Energy Efficiency ratio 
(EER) 

 Combined efficiency (motor and pump) of condenser and chiller pumps 
 
The unit proposes to replace the existing condenser and chilled water pumps with efficient 

pumps having a combined efficiency of 65%. Also the unit goes in for condenser cleaning by 

which the power consumption of compressor has reduced by 10%. 

 
Calculate: 
 

 The envisaged power consumption of the compressor, condenser and chiller pump 

 Hourly energy savings (compressor, condenser and chilled water pump) 

 Annual energy and equivalent monetary savings (compressor, condenser and chilled 

water pump) 

 Specific power consumption i.e. overall kW/ TR and COP and Energy Efficiency ratio 

(EER) 

 

 



 

17.   A fertilizer plant consuming 100TPH of saturated steam at 45 kg/sq.cm pressure has been 

using Indian coal as fuel to the boiler and is now switching over to imported coal. 
  

 Typical ultimate analysis of the two types of coals: 

            

------------------------------------------------------------------------------------------------ 
              Parameters                    Indian coal                        Imported coal 
                                                            %                                         % 
            -------------------------------------------------------------------------------------------------     
             Carbon                           41.11                                 58.96 
             Hydrogen                        2.76                                   4.16 

   Nitrogen                           1.22                                     1.02 

             Oxygen                         9.89                                     11.88  

  Sulphur  0.41  0.56 

  Moisture                      5.98                                     9.43 

  Ash                              38.63                                   13.99 

---------------------------------------------------------------------------------------------------  

           GCV (kCal/kg)             4,000                          5,900               

 

Determine: 

 

(i) Coal requirement in each case 

 

(ii) Calculate % dry flue gas losses in both cases 

 

Assume: in both cases 

Flue gas temperature  = 200oC 

Ambient temperature  = 30oC 

Enthalpy of steam  = 668 kCal/kg 

Feed water temperature  = 80oC 

Specific heat of flue gases  = 0.23 

Boiler efficiency with Indian coal = 75% 

Boiler efficiency with Imported coal   = 82% 

Oxygen content in flue gases with Indian coal = 10% 

Oxygen content in flue gases with Imported coal = 4% 

 
18. Given below is a set of curves for a centrifugal fan. At its Best Efficiency Point (BEP) 

determine to the nearest approximation the following: 

a) Static pressure in mmwc 
b) Flow in m3/hr 
c) Shaft power in kW 
d) Work out  the static efficiency of the fan by calculation  



 

e) Power drawn by the motor if the motor operating efficiency is 90% 
 

 

 

19.   In a Continuous Process Industry 5 Tonne per hour hot oil on process stream has to be 

cooled from 230oC to 110oC by DM water at 25oC heated to 80oC on its route to boiler de-

aerator. 

   

(i) Depict the heat exchange process on a schematic for both parallel and counter 
flow heat  exchanger clearly indicating inlet and outlet temperature and terminal 
temperature difference. 

 

(ii) Find out LMTD for parallel and counter flow heat exchangers and comment on 
the preference of the heat exchanger. 

 
(iii) Find out the DM water flow rate through the heat exchanger. Assume specific 

heat of hot oil to be 0.5 kCal / kgoC. 

 
 
20.  The following are the data collected for a boiler using furnace oil as the fuel. Determine the 

boiler efficiency based on GCV by indirect method ignoring radiation and convection 

losses.  

 

Ultimate chemical analysis (% weight) :   Carbon : 84, Hydrogen : 12,  Nitrogen : 0.5, 
Oxygen : 1.5, Sulphur : 1.5, Moisture : 0.5, GCV of fuel 10,397 kCal/kg and humidity  
0.015 kg moisture/kg of dry air.  
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Flue gas analysis: CO2 : 12% volume,  flue gas temperature : 180oC and ambient 
temperature : 20oC  

 

21. A process plant is installing a 5 MW gas turbine cogeneration system with 12 TPH waste 

heat boiler to meet the power and steam demand of the plant. The plant will operate at 

90% of capacity, meeting the entire power requirement of the plant, which is presently 

drawn from grid supply. The co-gen plant will also meet the steam requirement of 10 TPH, 

which is presently generated in a gas fired boiler with 86% efficiency on N.C.V. basis. 

Calculate the differential cost between cogenerated power and grid power per unit and 

also the additional natural gas requirement per day based on the following data. 

 Capacity of gas turbine   = 5000 kW 

 Plant load factor    = 90% 

 Auxiliary power consumption   = 1% 

 Operating hrs. per annum   = 8000 

 Net calorific value of natural gas  = 9500 kCal / Sm3 

 Cost of natural gas    = Rs.8 / Sm3 

 Steam produced by co-gen waste heat = 10 TPH boiler 

 Annual expenditure towards depreciation  

and interest     = Rs 500 lacs  

 Annual expenditure for operation &  

maintenance of co-gen plant   = Rs 200 lacs  

 Heat Rate of gas turbine on NCV  = 3050 kCal / kWh 

 Cost of electric power from grid supply = Rs. 4.5/ kWh 

 Enthalpy of steam    = 665 kCal/ kg 

 Feed water temperature   = 85oC 

 

22.  i) Analyze the following figure and answer the questions with brief justification (Note: No 

calculation is required for the answer to be given and answer should not be more than 3 

sentences for each part) 

 

  

      

        
P 

Dia = 150 mm 

Discharge 

pressure 

2.5 m 

Pump rated parameters  

 

Flow (Q)   : 30 lps 

Head (H)   : 18 m 



 

a) In normal operation what will happen to the operating flow rate compared to rated value 

and why? 

b)  In normal operation what will happen to the operating efficiency compared to rated value 

and why? 

ii)  Match the following 

A1 

 

 

 

 
 

B1 

 
 
 
 
 

A2 

 

 

 

 

 

B2 

A3 B3 

 

 

 

 

 

 

23.    A plant has a compressor of capacity 1680 m3/hr. Free air delivery of the compressor is 

carried out by filling the receiver.  

 

The test data are as follows: 

Receiver capacity    : 10 m3 

Interconnecting pipe    : 1 m3 

Initial pressure in receiver   : 1.0 kg/cm2a 

Inlet air pressure to compressor  : 1.0 kg/cm2a 

Final pressure     : 8.25 kg/cm2a 



 

Time taken to fill the receiver   : 3 minutes (180 seconds) 

Inlet air temperature    : 30 oC 

Air temperature in the receiver  : 40 oC 

Motor rpm (D1)    : 1400 

Motor pulley diameter (N1)   : 300mm 

Compressor rpm (D2)    : 700 rpm 

Compressor Pulley diameter (N2)  : 600 mm    

Average duration of loading   : 40 minutes in an hour 

Average duration of unloading  : 20 minutes in an hour 

Power consumption during loading  : 150 kW 

Power consumption during unloading : 25 kW 

Cost of energy     : Rs. 5.00 per kWh 

 

a)  Find the Free air delivery of the compressor and % output when compared to rated 

capacity. 

b)  Evaluate average hourly consumption of air.    

c)   How much energy (kWh) will the compressor consume in an hour and in a day. Also 

evaluate the cost of energy per day (24 hours operation). 

d)   Evaluate the specific power (cfm/kW) during loading period and overall specific power 

after considering the loading & unloading of compressor.   

e)   Plant was interested to reduce the unloading time of the compressor by reducing the 

pulley diameter of the motor. Evaluate the speed of the compressor required for 10 

minutes unloading and 50 minutes loading and accordingly evaluate the diameter of the 

pulley of the motor 

  

24.    A chemical plant is using furnace oil as fuel for firing in their boiler, generating steam on 

an average of 20 T/hr. The unit has decided to take advantage of carbon credits under 

CDM and accordingly decided to switch over to natural gas as fuel. The boiler feed water 

temperature is 80 0C and enthalpy of steam is 660 kCal/kg. 

The other data are as under: 

 

Furnace Oil 
GCV of furnace oil    : 10200 kCal/kg 

Cost of furnace oil    : Rs. 30000/T 



 

% Carbon in furnace oil   : 84 

Efficiency of furnace oil fired boiler  : 82% 

 

Natural Gas 
Calorific value of Natural gas   : 9500 kCal/Sm3 

Density of natural gas    : 0.8 kg/Sm3  

Cost of natural gas    : Rs. 20/Sm3 

% Carbon in natural gas   : 74 

Annual operating hours   : 8000 

Efficiency of natural gas fired boiler  : 86% 

Value of one CER    : Rs. 400 

Calculate the following 

a) Annual monetary savings due to switch over from furnace oil to Natural gas. 

b) Calculate the annual monetary savings due to carbon trading. 

 

25. Flow rates of the hot and the cold water streams flowing through a heat exchanger are 12 

and 30 kg/min, respectively. Hot and cold water stream inlet temperatures are 72 °C and 

27 °C, respectively. The exit temperature of the hot stream is required to be 52 °C. The 

specific heat of water is 4.179 kJ/kg K. The overall heat transfer coefficient is 800 W/m2 K.  

Neglecting the effect of fouling, calculate the heat transfer area for 

a) Parallel-flow 
b) Counter-flow 
 

 26. In an air conditioning system of a food processing industry, the cold air flow rate is 20,000 

m3/hr at a density of 1.2 kg/m3 .The inlet and outlet enthalpy of the air are 105 kJ/kg and 

80 kJ/kg. The COP of the existing vapour compression system is 3.75. The efficiency of 

the motor coupled with the compressor is 90%.  

 

 The management wants to install a Vapour Absorption System (VAR).The saturated 
steam for VAR will be supplied either from a new waste heat boiler to be installed with the 
existing DG sets or from the existing FO fuel fired boiler. The plant is operating for 8000 
hr/annum. The investment of VAR system is Rs. 20 lakhs. The investment for waste heat 
boiler is Rs. 6 lakhs. The power cost is Rs. 6/kWh.  

  
 As an energy auditor which one of the following options will you recommend to the 

management? 
             



 

 Option1: Supply steam from the existing FO fuel fired boiler to VAR system and avoid the 
investment of waste heat boiler 

  
 Option2 - Supply steam from the waste heat boiler, which needs an investment in addition 

to VAR system 
           
 The steam consumption per TR will be 5.5 kg/TR. The cost of FO is Rs.32,000/ tonne. The 

evaporation ratio of the existing FO fired boiler is 14. Neglect losses in transmission of 
steam and chilled water.  

 
  

27.   The following are the data obtained from a pulverized coal fired thermal power plant  

Main steam pressure and temperature  : 155 kg/cm2 (g), 540 oC 

Main steam flow rate      : 624 TPH 

Enthalpy of main steam     : 815.2 kCal/kg 

Feed water temperature     : 229 oC 

Cold reheat steam pressure and temperature  : 36 kg/cm2(g), 330 oC 

Enthalpy of cold reheat steam   : 730 kCal/kg 

Hot reheat steam pressure and temperature  : 35 kg/cm2(g), 540 oC 

Enthalpy of hot reheat steam     : 844.5 kCal/kg 

Reheat steam flow      : 563 TPH 

Generator output      : 207.3 MW 

Boiler efficiency      : 85.5% 

Back pressure      : 0.9 kg/cm2 (g) 

Condenser CW inlet temperature    : 26 oC 

Condenser CW outlet temperature    : 37 oC 

Exhaust steam saturation temperature   : 45.4 oC 

Enthalpy of wet steam at vacuum    : 508 kCal/kg 

Condenser CW flow      : 24800 m3/hr    

Calculate  

a) Turbine heat rate, unit heat rate and turbine cycle efficiency  
b) Condenser heat load, effectiveness and calculated condenser vacuum in millibar   

 

 

 



 

28. a) What are the major advantages of using sinter in a Blast furnace  

b) A furnace is fired with blast furnace gas having an analysis by volume as follows  

 

CO2 – 13 %, CO – 25 %, H2 - 3.5 %, N2 – 58.5 % 

Calculate the percentage of excess air when the dry product of combustion contains 3.5 

% O2 

 

29   a) 125 kg of fabric is to be dyed in a jigger. The dye liquor is heated from 30 0C to 90 0C. 

Calculate steam (steam enthalpy 660 kCal/kg) requirement per batch and specific steam 

consumption (kg of steam per kg of cloth), if liquor ratio is 1:6.5; allowing 10% margin for 

losses.  

 b)  In a textile mill, a thermic fluid heater of 15 lakh kCal/hr capacity is meeting process heat 

requirements. 

The observed parameters of thermic fluid heater are: 

Thermic fluid circulation rate   - 100 m3/hr 

Outlet temperature of fluid   - 270 0C 

Return temperature of fluid   - 256 0C 

Specific heat of fluid    - 0.55 kCal/kg 0C 

Density of fluid   - 830 kg/m3 

Present coal consumption   - 300 kg /hr 

GCV of coal     - 3500 kCal/hr  

i)  What is the % loading of the thermic fluid heater? 

ii)  What is the existing thermal efficiency? 

iii)  The management is proposing to add a five chamber, (each chamber 1 Lakh kCal/hr 

duty) to the heater. Will it be able to take the load?  

 

30. Calculate the efficiency of the Atmospheric Fluidised Bed Combustion Boiler by indirect 

method using the following data: 

Analysis of blended coal (% by mass) 

Carbon       : 53.9 % 

Hydrogen                  : 3.1 % 

Nitrogen                  : 1.1 % 



 

Sulphur       : 0.3 % 

Ash       : 23.8 % 

Oxygen       : 10.5 % 

Moisture                  : 7.3 % 

GCV                   : 5060 kCal / kg 

The boiler operating parameters are given below. 

Steam pressure     : 62.0 kg / cm2g 

Steam temperature       : 470 oC 

Actual air supplied       : 8.91 kg/kg of coal 

Mass of dry flue gas     : 9.31 kg/kg of coal 

Specific heat of flue gas     :        0.23 kCal/kg oC 

Flue gas temperature    : 160 oC 

CO2 in flue gas     : 14.7 %  

CO in flue gas     : 325 ppm 

GCV of bottom ash            : 800 kCal/kg 

GCV of fly ash     : 452.5 kCal/kg 

Ratio of bottom ash to fly ash:       15 : 85 

Ambient temperature     :       32.4 oC 

 Loss due to hydrogen in fuel     : 3.54 %  

Loss due to moisture in fuel    :        0.93 % 

Loss due to moisture in air    : 0.2 % 

Surface heat losses                      :        2 % 

(as assessed)                              

 

31.  A multi-product chemical plant has an oil fired boiler for meeting its steam requirements for 

process heating. The average fuel oil consumption for the boiler was found to be 950 litres 

per hour. Calculate the cost of steam per tonne considering only the fuel cost. 

The performance and other associated data are given below: O2  in the flue gas (dry) at 

boiler exit = 6% 

Temperature of the flue gas at boiler exit = 200oC 

Enthalpy of steam = 665 kcal/kg 



 

Enthalpy of feed water = 80 kcal/kg Steam is dry saturated. 

Fuel analysis data: 

Carbon (C)   = 85%  

Hydrogen (H2) = 12%   

Nitrogen (N2) = 0.5%   

Oxygen (O2) = 1%  

Sulfur (S) = 1.5% 

Gross calorific value of fuel oil = 10,000 kcal/kg 

Specific gravity of fuel oil = 0.95 

Cost of fuel oil per KL = Rs.40,850/- 

Specific heat of flue gas = 0.262 kcal/kgoC 

Specific heat of superheated vapour in flue gas = 0.43 kcal/kgoC 
  
 Humidity in combustion air = 0.025 kg/kg dry air 

Ambient air temperature = 30oC  

Radiation & convection loss from boiler = 1.8% 

Calculate boiler efficiency by 

indirect method  

Calculate evaporation ratio Kg 

steam / Kg fuel oil and then 

compute fuel cost of steam 

 

32. In  a  food  processing unit,  24,000  litres  of  water  per  day is  to  be  heated  from  25oC  

to  55oC. Presently this requirement is met by an electrical heater. The management is 

planning to install a vapour compression heat pump system having a COP of 2.3 which 

includes the compressor motor losses. The schematic of the heat pump hot water system is 

given below: 

 

 

 

 

 

 



 

 

Hours of operation of water circulation pump = 24 hours/day  

Evaporator fan operation = 20 hours/day 

 Energy consumption of water circulation pump and evaporator fan per day = 50 kWh 

Compressor motor efficiency = 88 % 

Annual operating days of heat pump = 330 days 

Cost of electrical energy = Rs.10/kWh Heat loss in the condenser and hot water tank 

in addition to the heat load = 5% 

Investment for heat pump =  Rs.15 Lakhs The compressor and evaporator fan are 

interlocked in operation. 

Find out 

i) Heat pump capacity in TR in terms of heat delivered 

ii) The payback period of investment towards heat pump 

iii) Evaporator capacity in TR 

33. In an organic chemical industry 10 tonne per hour of hot oil is to be cooled from 210oC 

to 105oC by DM water. The DM water enters the heat exchanger at 25oC and exits at 

85oC after which it is fed  to the feed water storage tank of the boiler. 
 

i. Depict the heat exchanger process on a schematic for the parallel and counter flow 
indicating the hot and cold stream temperatures along with terminal temperature 
difference. 
 

ii. Find out the LMTD for parallel and counter flow heat exchange and justify the choice 
of the heat exchanger. 

 
iii. Estimate the DM water flow rate through the heat exchanger. The specific heat of oil 



 

is 0.5 kcal/kgoC 

 

34.  An energy audit was conducted on a 110 MW thermal power generating unit. The details of 

design parameters and operating parameters observed during the audit are given below 

 

Parameters Design Operating 

Generator output 110 MW 110 MW 

Boiler outlet superheated steam temperature  540
o
C                              520

o
C 

Boiler outlet steam pressure 140 kg/cm
2
(a) 130 kg/cm

2
(a) 

Feed water inlet temperature to Boiler        120 
o

C             120 
o
C 

Feed water enthalpy 120 kcal/kg 120 kcal/kg 

Boiler efficiency 87% 87% 

GCV of coal 3650 kcal/Kg 3650 kcal/Kg 

Turbine exhaust steam pressure 0.09 kg/cm
2
(a) 0.12 kg/cm

2
(a) 

Dryness fraction of exhaust steam 88% 88% 

Unit gross heat rate                                          2815 kcal/kWh                  ?  

Efficiency of   turbine & generator (including gear box)  -                            90 % 

 
Steam properties are as under: 
 

Enthalpy of steam at 520
o

C and 130 kg/cm
2
(a) is 808.4 

kcal/kg  

 

Enthalpy of Exhaust steam at 0.12 kg/cm
2
(a) is  550 kcal/kg 

 

For the changed current operating parameters calculate the following.. 

 
I. Steam flow rate to the Turbine 

 

II. Specific steam consumption of Turbine 
 

III. Specific coal consumption and unit gross heat rate 
 

IV. Additional quantity of coal required based on 8000 hours/year  of operation of  the plant 
 

Increase in annual coal cost due to increase in coal consumption at a cost of Rs. 3400 per tonne 

of coal. 

 

35. The steam requirement of an export oriented unit is met by a 6 TPH oil fired package 



 

boiler generating steam at 10 kg/cm2. The monthly steam consumption of the unit is 

3000 tonnes. 

Other data are given below: 
 

Fuel oil composition: 

Carbon = 86%;    

Hydrogen   = 12%;  

Oxygen = 0.5%;    

Sulphur =1.5% 

Specific heat of flue gases, Cp        = 0.27 kcal/kgoC 

G.C.V. of fuel oil         = 10,000 kcal/kg  

Sp.heat of super heated water vapour         = 0.45 kcal/kgoC 

Enthalpy of steam at 10 kg/cm2             = 665kcal/kg Feed 

water temperature         = 85 oC 

% O2   in dry flue gas         = 6% Flue 

gas temperature at boiler outlet         = 240 oC 

Ambient temperature         = 30oC 

Cost of fuel oil        = Rs.43 per kg. 

Radiation and other unaccounted losses        = 2.45% 

 
The export oriented unit is costing its steam cost based on the fuel consumption cost 

with additional 15% to account for the auxiliary and consumables. 

 

A neighbouring continuous process plant now offers to supply the required steam at 10 

kg/cm2 to the export oriented unit at a cost of Rs 3300 per tonne with a condition that all the 

condensate will be returned back. 

Calculate the following: 

 

a) Boiler efficiency 

b) Cost advantage per tonne of availing steam from neighbouring plant in place of 

in-house generation and also monthly monetary saving. 

 

 

 
 
 
36. The operating parameters of a Vapour Compression Refrigeration system are 



 

indicated below. 
 

Parameter  Chiller side Condenser side 

Water Flow (m3/hr)  

  89  87 
Inlet Temperature (OC) 10.1 32.3 

Outlet Temperature (OC) 6.8 36.6 

Density (kg/m3) 1000 990 

 
Find the COP of the Refrigeration system ignoring heat losses. 

 

37. A 6 pole, 415 volt, 3 phase, 50 Hz induction motor delivers 22 kW power at rotor shaft 

at a speed of 950 rpm with PF of 0.88. The total loss in the stator including core, copper 

and other losses, is 2 kW. Calculate the following. 

i)  Slip 

ii)  Rotor Copper Loss 

iii)  Total Input to motor 

iv)  Line current   at 415 V and motor pf of 0.88 

v)  Motor operating efficiency 
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