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Section – II: SHORT DESCRIPTIVE QUESTIONS      Marks: 8 x 5 = 40 

 
 (i) Answer all Eight questions 
 (ii) Each question carries Five marks 
  
 
S-1 List any five problems that can arise due to harmonics in a system.  

Answer: 

The problems that arise due to harmonics in a system are:  

a. Blinking of Incandescent Lights - Transformer Saturation 
b. Capacitor Failure - Harmonic Resonance  
c. Circuit Breakers Tripping - Inductive Heating and Overload  
d. Conductor Failure - Inductive Heating  
e. Electronic Equipment Shutting down - Voltage Distortion  

 
 
S-2 Why does the power factor of a induction motor decreases with the decrease in 

the applied load on the motor? 
 

The power factor of the motor is given as:
kVA
kW    Cos Factor Power == φ  

As the load on the motor decreases, the magnitude of the active current or active 
power decreases. However, there is no corresponding decrease in the 
magnetizing current or reactive power, which is proportional to the supply 
voltage. With the result, the apparent current or apparent power does not 
decrease in the same proportion to that of the active current or active power. 
Therefore, the motor power factor decrease, with decrease in the applied load. 

 
 

 
 
S-3 A water pump is delivering 300 m3/hr flow at 40 meter head at ambient 

conditions. The pump shaft power is 52kW.  The impeller diameter is trimmed by 
8%.  Find out the new water flow, head and pump shaft power at the changed 
condition. 

 
                  Q1  =   300  m3 / hr. 
 
       D2  =   0.92 D1   
        
 
       Q2  =  ? 
  
       Q   α   D      Q1         D1  
        Q2         D2= 
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        300  =    D1  
        Q2         0.92 D1

 
 
       Q2  =  0.92 x 300   
       Q2     =  276 m3 /hr.  
 

   
Head=  ( D1/0.92 D1)2 = (1.0869)2 =1.1815 
                                          40/H2 = 1.1815 
                                          H2   = 40/1.1815=33.85 m 

 
Power= ( D1/0.92 D1)3= (1.0869)3=1.284 
                                           52/P2 =1.284 
                                                  P2= 52/1.284 
                                                     = 38.94 kW 

 
 
S-4 If inlet and outlet water temperatures of a cooling tower are 42oC and 36oC 
 respectively and atmospheric DBT and WBT are 39 oC and 32 oC respectively, 
 find out the range, approach and the effectiveness of cooling tower. 
 
 Range: 42-36=6 deg C 

 
 Approach: = 36-32= 4 deg C 

 
  Cooling Tower Effectiveness  = Range / (Range + Approach). 
                                               = 6/ (6+4) 
                                               = 0.60 

 
 
S-5 Draw a sketch of a typical centrifugal fan characteristic curve along with system 
 resistance. (Note: No explanation is required) 

 
 

 
 
Y axis can be total pressure or static pressure 
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S-6 The COP of a vapour compression refrigeration system is 3.0.  If the compressor 
motor draws power of 15 kW at 90% motor efficiency, find out the tonnage of the 
refrigeration system. 

   
Answer: 
Power input to compressor  = 0.90 x 15 

= 13.5kw   
 

 Cooling effect   = 13.5 x 3.0 
      = 40.5 kw   

 
 40.5 kW x 860 kcal/kwh  = 34830 kcals/hr   

 
 Refrigeration tonnage   = 34830/3024 
      = 11.52 Tonnes    

  
 
S-7 List any 5 energy conservation opportunity in an air compression system 
 
Answer 

 Ensure air intake to compressor is not warm and humid by locating 
compressors in well-ventilated area or by drawing cold air from outside.  
Every 40C rise in air inlet temperature will increase power consumption by 1 
percent. 

 Clean air-inlet filters regularly. Compressor efficiency will be reduced by 2 
percent for every 250 mm WC pressure drop across the filter. 

 Keep compressor valves in good condition by removing and inspecting once 
every six months. Worn-out valves can reduce compressor efficiency by as 
much as 50 percent. 

 Install manometers across the filter and monitor the pressure drop as a guide 
to replacement of element.   

 Minimize low-load compressor operation; if air demand is less than 50 
percent of compressor capacity, consider change over to a smaller 
compressor or reduce compressor speed appropriately (by reducing motor 
pulley size) in case of belt driven compressors. 

 Consider the use of regenerative air dryers, which uses the heat of 
compressed air to remove moisture. 

 Fouled inter-coolers reduce compressor efficiency and cause more water 
condensation in air receivers and distribution lines resulting in increased 
corrosion.  Periodic cleaning of inter-coolers must be ensured. 
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 Compressor free air delivery test (FAD) must be done periodically to check 
the present operating capacity against its design capacity and corrective 
steps must be taken if required. 

 If more than one compressor is feeding to a common header, compressors 
must be operated in such a way that only one small compressor should 
handle the load variations whereas other compressors will operate at full 
load. 

 The possibility of heat recovery from hot compressed air to generate hot air 
or water for process application must be economically analyzed in case of 
large compressors. 

 Consideration should be given to two-stage or multistage compressor as it 
consumes less power for the same air output than a single stage 
compressor.   

 If pressure requirements for processes are widely different (e.g. 3 bar to 7 
bar), it is advisable to have two separate compressed air systems.  

 Reduce compressor delivery pressure, wherever possible, to save energy. 

 Provide extra air receivers at points of high cyclic-air demand which permits 
operation without extra compressor capacity. 

 Retrofit with variable speed drives in big compressors, say over 100 kW, to 
eliminate the `unloaded’ running condition altogether. 

 Keep the minimum possible range between load and unload pressure 
settings. 

 Automatic timer controlled drain traps wastes compressed air every time the 
valve opens. So frequency of drainage should be optimized. 

 Check air compressor logs regularly for abnormal readings, especially motor 
current cooling water flow and temperature, inter-stage and discharge 
pressures and temperatures and compressor load-cycle. 

 Compressed air leakage of 40- 50 percent is not uncommon. Carry out 
periodic leak tests to estimate the quantity of leakage. 

 Install equipment interlocked solenoid cut-off valves in the air system so that 
air supply to a machine can be switched off when not in use. 

 Present energy prices justify liberal designs of pipeline sizes to reduce 
pressure drops.  

 Compressed air piping layout should be made preferably as a ring main to 
provide desired pressures for all users. 
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 A smaller dedicated compressor can be installed at load point, located far off 
from the central compressor house, instead of supplying air through lengthy 
pipelines. 

 All pneumatic equipment should be properly lubricated, which will reduce 
friction, prevent wear of seals and other rubber parts thus preventing energy 
wastage due to excessive air consumption or leakage.  

 Misuse of compressed air such as for body cleaning, agitation, general floor 
cleaning, and other similar applications must be discouraged in order to save 
compressed air and energy. 

 Pneumatic equipment should not be operated above the recommended 
operating pressure as this not only wastes energy bus can also lead to 
excessive wear of equipment’s components which leads to further energy 
wastage. 

 Pneumatic transport can be replaced by mechanical system as the former 
consumed about 8 times more energy.  Highest possibility of energy savings 
is by reducing compressed air use. 

 Pneumatic tools such as drill and grinders consume about 20 times more 
energy than motor driven tools. Hence they have to be used efficiently. 
Wherever possible, they should be replaced with electrically operated tools. 

 Where possible welding is a good practice and should be preferred over 
threaded connections.   

 On account of high pressure drop, ball or plug or gate valves are preferable 
over globe valves in compressed air lines.  

 

S-8 A Reciprocating Compressor with 220 CFM capacity is connected with a 75 HP 
 motor. The energy manager of the plant noticed frequent unloading and loading 
 of compressor .In your opinion, what reasons he may conclude for this situation 
 and accordingly propose the remedial actions.  
 

Answer: 
 
There could be three reason(s) 

1. Requirement of compressed air for plant is very less. 

2. Compressor selected is higher capacity. 

3. Malfunctioning of unloader   valves. 

 
To replace existing Motor with smaller capacity motor after measuring actual 

requirement of compressed air, this could be done by measuring loading and 

unloading time of compressor. 
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OR 

To increase driven side Pulley size. It will reduce capacity of compressor as well 

power consumption 

OR 

To go for  VFD 
 

 
-------- End of Section – II --------- 

 
 
Section – III: LONG DESCRIPTIVE QUESTIONS      Marks: 6 x 10 = 60  
 
 (i) Answer all Six questions 
 (ii) Each question carries Ten marks 
  

  
L-1 A 7.5 kW, 415 V, 14.5 Amp,4 pole, 50 Hz rated, 3 phase squirrel cage induction 

motor has a half load efficiency of 84% and power factor of 0.7.  Find the 
following if the motor operates at 50% of its rated output. 

 
a) Current drawn by the motor  
b) Ratio of the current drawn to its rated current. Is this exactly 50% at half 

loading? If not, briefly explain the reasons for the same.     
c)  RPM at a half load slip of 2% 
 
 
ANS: 
 

             a) Pin (Input power) = 7.5x0.5/ 0.84 = 4.46428 kW 

   I(Input current) = 4.46428/ (√3 x 0.415 x 0.70) = 8.87 A 
 

           b) Ratio of the current drawn to its rated current = 9/14.5=61.2% 
           NO, this ratio is not exactly half.  

 
 
           The current drawn by the motor is the resultant sum of the active and 

reactive current of the induction motor. The reactive current drawn is 
independent of load as it is supply voltage dependent, and hence remains 
constant as long as the supplied voltage remains constant. On the other 
hand, active current drawn is directly proportional to load and changes in 
direct proportion to the load. Therefore, the resultant of active current and 
reactive current, which is the current drawn by the motor, does not change 
in direct proportion to the change in load as one of the current component 
is load independent. Therefore, current drawn by the induction motor at 
any part load   may not be a true reflection of the load. 
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c) Ns = 120 x f / p = 120 x 50 / 4 = 1500 RPM 

N = Ns ( 1- S ) 
    = 1500 ( 1- 0.02) 
    =  1470 RPM 

 
L-2  Give very short answers for the following 
 

1. Which loss is assumed in the efficiency determination of an induction motor? 
2. Which parameter needs to be measured to assess the percentage loading of 

a motor by slip method neglecting voltage correction? 
3. What is meant by the term “specific power requirement” with respect to air 

compressors? State the units. 
4. Which three variables need to be measured to calculate the efficiency of a 

pump? 
5. Which expression to state the energy efficiency of a chiller does not follow the 

trend “a higher number means a more efficient system”? 
 
ANS: 
 
1   Stray losses 
2. Motor speed 
3. The ratio of power consumption (in kW) to the volume delivered at ambient 

conditions. Unit is kW per cubic meter per hour or kW/(m3/hr) 
               4) The variables to be measured (i) volumetric flow (ii) pressure difference 

across the pump and (iii) electrical power input to the motor driving the 
pump.  

                5) The expression “power per ton” (in kW/ton) does not follow the trend. The 
higher the number the more inefficient the chiller. 

 
 

 
 
L-3 The suction head of a pump is 3 m below the pump centerline. The pump 

discharge pressure is 2.9 kg/cm2.  The flow rate of water is 90 m3 /hr.  Find out 
the pump efficiency if the actual power input by the motor is 15kW. Assume 
motor efficiency at the operating load as 88%.  

 
Discharge Head : 2.9 kg/cm2  equals 29 metre head. 
Suction Head  : - 3 metre. 
Total Head   : 29 – (-3) = 32 metre. 
Hydraulic Power : (90/3600) x 1000 x 9.81 x 32/1000 = 7.848 kW 
Pump Efficiency : 100 x 7.848/(15x0.88) = 59.45%

  
 

 

L-4    A V-belt driven centrifugal fan is supplying air in a process plant. The 
performance test conducted by an energy auditor on the fan generated the 
following data:  
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Ambient temperature 30oC 
Density of air at 0oC 1.293 kg/m3

Diameter of the discharge air duct 0.8 m 
Velocity pressure measured by Pitot tube in 
discharge duct 

45 mmWC 

Pitot tube coefficient 0.9 
Static pressure at fan inlet - 20 mmWC 
Static pressure at fan outlet 185 mmWC 
Power drawn by the motor coupled with the  fan 70 kW 
Belt transmission efficiency 96% 
Motor efficiency at the operating load 90 % 

 
 The energy auditor concludes after analyzing the above data that the efficiency 
 of the fan is about 33.3%. Do you agree with his above observation? If not, can 
 you find the mistake made by the auditor? 
 
Ans: 
  
 

Ambient temperature 30oC 
Diameter of the discharge air duct 0.8 m 
Velocity pressure measured by Pitot tube 45 mmWC 
Static pressure at fan inlet - 20 mmWC 
Static pressure at fan outlet 185 mmWC 
Power drawn by the motor 70 kW 
Transmission efficiency 96% 
Motor efficiency 90 % 
Area of the discharge duct 3.14 x 0.8 x 0.8 x 1/4 
 0.502672 m2

Pitot tube coefficient 0.9 
Corrected gas density (273 x 1.293) / (273 + 30) = 1.165 
 
Air velocity 

 
 Cp  x   √ 2 x 9.81 x   p  x    γ

              γ 

 0.9  x Sq rt.(2 x 9.81 x 45 x 1.165) 
                          1.165 

 24.776 m/s 
 
Volume 24.776 x 0.502672 
 12.4543 m3/s 
Power input to the shaft 70 x 0.96 x 0.9 
 60.48 kW 
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Fan static Efficiency   12.4543 x (185 – (-20)  

102  x  60.48 
 41% 
 

3Volume in  m  / Sec  x   total static  pressure in mmwcStatic Fan Efficiency  %   
102 x Power input to the shaft in (kW)

=

 
 
No, the fan static efficiency is 41%. The auditor, while working out the total static 
pressure has committed a mistake. He has taken suction pressure as positive. 
 
 
Fan static Efficiency = 12.4543 x (185 – (20)  
                                        102  x  60.48 

 
                               =   33.3% 

 
 
 

L-5    The  parameters measured for of a centrifugal chiller are as follows: 
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i. Evaluate the CoP of centrifugal chiller  

ii. Find the ratio of evaporator refrigeration load(TR) to condenser heat rejection 
load(TR) 

 

Ans. i. Refrigeration load (TR)   : (m x cp  x ♠t)/3024 

       : 8o x 3600 x 1 x (13-8)/3024 

       : 476 TR 

  

 Coefficient of performance  
Cooling effect (kW)COP =

Power input to compressor (kW)
 

                                                             = (476TRx3024/860) /   300= 5.579           

                   

ii. Evaporator cooling load (TR)  : 476 TR 

 Condenser heat rejection load (TR) : 185 x 3600 x (28 – 25.2)/3024 

       : 616 TR 

 Ratio      : 77.0
616
476

==
Condenser
Evaporator

 

  
 

L-6: a) Two FD fans, one fan on each side of the Boiler, are supplying the total 
combustion air requirement for a boiler. These fans are connected to a common 
header through discharge dampers.  Each fan is having 260 kW rating and 
provided with VSDs. Each fan is designed to cater 60% of Boiler capacity 
(MCR). 

 
  It was observed by an energy auditor that when one FD fan was in service 

(when the boiler requirement is below 60% MCR), power drawn by that fan is 
105 kW at 570 rpm where as the total power drawn by keeping both the fans in 
service for the same steam generation (below 60% MCR) is around 70 kW only 
(each fan is drawing 35 kW at 430 rpm).  

 
 In your opinion what could be the reasons for low power consumption with both 

fans in service than a single fan for generation of same quantity of steam? (Note: 
No calculation or working is required. Only brief explanation is sufficient)  

 
Answer: 
 
When one fan was in service as it was common discharge header system the possibility 
of recirculation of part of air from the running fan cannot be ruled out due to passing of 
discharge dampers and inlet vane of the fan that is not in service. This increases the air 
requirement for maintaining the same excess oxygen conditions, hence increase in load 
on the running fan.  
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Second reason can be that when only one fan is in service as airflow is from one side 
only, increases the system resistance than when same air is distributed from both the 
sides. This forces the single fan to develop more head for the same total airflow, hence 
operation at higher RPM. With both fans in service the system resistance will be low 
distributed flow.  
 
Because of the above reasons there is a net saving of energy when both fans are in 

service than single fan. 
 

 b) On the advice of an energy auditor, a chemical plant replaced the existing 
standard induction motor powering a centrifugal pump with a new energy 
efficient induction motor of same kW ratings and number of poles. The plant 
energy manager observed that the temperature rise of the stator windings of 
energy efficient induction motor was comparatively higher than that of the 
standard induction motor. Briefly explain any reason for this situation 

 
Answer 
  
Due to lower slip level in energy efficient motor (EEM), operate at slightly higher speeds, 
and result in operation at a higher point in the load curve of the pump. This increase in 
load is proportional to approximately the cube of the increase in speed. This means 
motor must produce more horsepower (i.e, EEM may be operating above its rated 
power).  
 
Because the temperature rise in a motor increases slightly less than the square of the 

horse power output, the net effect is that the temperature rise of the rotor is 
roughly proportional to the fifth power of the increase in rotor speed.  

 
 

……………. End of Section – III ………….… 
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