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General instructions: 

o Please check that this question paper contains 16 printed pages 
o Please check that this question paper contains 64 questions 
o The question paper is divided into three sections 
o All questions in all three sections are compulsory 
o All parts of a question should be answered at one place 

 

 
Section – I: OBJECTIVE TYPE         Marks: 50 x 1 = 50  

 
 (i)    Answer all 50 questions 

(ii) Each question carries one mark 
(iii) Please hatch the appropriate oval in the OMR answer sheet with Black Pen or Black 

HB Pencil, as per instructions 

 

1.  For the same quantity of power handled by a distribution line, the  lower the voltage 
 

a) the higher the current drawn and higher the distribution loss              
b) the lower the current drawn and lower the distribution loss 
c) the lower the voltage drop and lower the distribution loss         
d) the higher the voltage drop and lower the distribution loss 

2.  The ratio of overall maximum demand of the plant to the sum of individual maximum demand 
of various equipment is ______. 
 

a) load factor      b) diversity factor      c) demand factor      d) maximum demand  

3.  Maximum demand charges  for a billing cycle is calculated by the Utility based on: 
 

a) the instantaneous demand drawn  
b) the time integrated demand over the predefined recording cycle 
c) the kVARh drawn per demand cycle 
d) the kWh drawn during peak load period . 

4.  The total amount of harmonics present in the system is expressed using ___. 
 

a) Total Harmonic Factor  b) Total Harmonic Ratio 
c) Total Harmonic Distortion  d) Crest Factor 
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5.  The gross efficiency of a coal based power plant with an operating gross heat rate of 2450 
kCal/kWh is  
 

a) 28.48%          b) 35.10%          c) 30%          d) none of the above 

6.  The efficiency at various stages from power plant to end-use is given below: Efficiency of 
power generation in a power plant is 30 %, T & D losses are 23 %, distribution loss within the 
factory is 6 %, and equipment end use efficiency is 65 %. The overall cascade system 
efficiency from fuel input in power generation to end-use in this case will be  
 

a) 2.69%         b) 14.11%          c) 4.21          d) none of the above  

7.  A 3 phase, 7.5 kW, 415 V, 15 A, 1480 RPM rated induction motor with full load efficiency of 
90% draws 5 A  at rated voltage and 0.5 power factor. The percentage loading of the motor is 
about  
 

a) 21.56%          b) 23.96%          c) 33.33%          d) none of the above  

8.  An induction motor installed with static PF correction capacitors across the motor terminals got 
damaged along with capacitors once it was disconnected from the supply. The possible 
reason among the following was 
 

a) charging current of the capacitor was only 80% of the motor magnitising current 
b) motor PF was over corrected or critically corrected (unity power factor) 
c) motor was oversized           
d) motor was undersized  

9.  A 4-pole squirrel cage induction motor operates with 1% slip at full load. What is the 
approximate full load RPM of motor you may expect at a grid frequency of 49.5 Hz ? 
 

 a) 1485                   b) 1470                  c) 1500        d) none of the above   

10.  The power factor of an induction motor 
 

a) increases with increase in motor loading       b) decreases with increase in motor loading                          
c) is independent of motor loading                          d) increases with decrease in motor loading  

11.  Which of the following pipe fittings used in compressed air pipe line offers maximum 
resistance 
 

a) Gate Valve in open condition      b) Return bend            c) Elbow     d) Tee 90
o
 long bend     

12.  An induction motor rated for 15 kW and 93% efficiency, operating at full load at the rated 
parameters condition, will 
 

a) deliver 15 kW       b) deliver 16.12 kW       c) draw 15 kW       d) draw 13.95 kW 

13.  Modest flow variation, from 100% to 80%, in a centrifugal fan is achieved more efficiently with 
which of the following flow control methods 
 

a) inlet damper      b) outlet damper      c) inlet guide vanes      d) none of the above   

14.  A 200 cfm compressor has a loading and unloading period of 10 seconds and 20 seconds 
respectively during a compressed air leakage test.  The air leakage in the compressed air 
system would be  
 

a) 20.3 cfm         b) 42.1 cfm        c) 66.6 cfm              d) 132.8 cfm 
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15.  Select the correct Statement: The advantage of PF improvement by capacitor addition in an 
electric network is  
 

a) apparent  power component of the network is reduced  
b) active power component of the network is reduced  
c) I

2
R power losses are reduced in the system from the point of installation to the load end 

d) voltage level at the load end is not improved 

16.  A 500 cfm reciprocating compressor was earlier operating at load - unload pressure setting of 
6.0 kg/cm

2
g and 7.5 kg/cm

2
g which was changed to 6.0 to 6.5. kg/cm

2
g respectively for the 

same end use conditions. This change with respect to previous  situation will result in  
 

a) decreased unloading cycle time of the compressor 
b) increased loading cycle time of  the compressor      
c) increased energy consumption of the compressor                   
d) decreased leakage loss in air distribution system      

17.  If the energy efficiency ratio (Watt/Watt) of a split air conditioner is 2.3, then power consumed 
by it per ton of refrigeration will be  
 

a) 1.53 kW              b) 0.66 kW              c) 2.3 kW                     d) none of the above 

18.  With increase in the suction lift from open wells, the delivery flow rate 

 

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

19.  The refrigeration load in TR when 84 litre/minute of water is cooled from 21
o
C to 15 

o
C is about 

 

a) 0.166 b) 1.66  c) 16.66 d) 10 

20.  The COP of a vapour compression refrigeration system is 3.5.  If the motor  delivers  power of 
10.8 kW at its shaft with a 90% motor efficiency, the cooling effect of vapour compression 
system will be 
 

a) 34 kW                  b) 37.8 kW   
c) 0.36 kW               d) none of the above as cooling effect is always measured in TR   

21.  In a variable speed drive using hydraulic coupling  
 

a) motor speed changes                      b) driven equipment speed changes      
c) both a & b                                        d) neither a nor b  

22.  A fan with 30 cm pulley diameter is driven by a 1480 rpm motor through a v-belt system. If the 
motor pulley is reduced from 20 cm to 18 cm at the same motor rpm and fan pulley diameter, 
the fan speed will reduced by  
 

a) 247 rpm    b) 888 rpm     c) 98 rpm    d) none of the above  

23.  Which of the following is wrong? 
 

a) Pump raises an incompressible fluid to a higher level of pressure or head.  
b) Compressor raises a compressible fluid to a higher level of pressure.  
c) Blower moves gas volumes with moderate increase of pressure.  
d) Pump raises relatively compressible fluid to a higher level of pressure or head.  

24.  As per the fan  laws, by reducing the fan RPM by 10% ,  the fan power requirement: 
 

a) decreases by 27%   b) decreases by 19%  c) does not change   d) decreases by 73%  



Paper 3 –Set A Solutions  

_______________________ 
Bureau of Energy Efficiency 

4 

25.  A centrifugal fan is operating at 800 RPM developing a flow of 3000 Nm
3
/hr at a static 

pressure of 600 mmWC.  If the fan speed is reduced to 600 RPM, the static pressure will 
become: 
 

a) 450 mmWC         b) 519.6 mmWC       c)  337.5 mmWC       d) none of the above 

26.  The operating point in a pumping system is identified by  
 

a) point of intersection of system curve and efficiency curve 
b) point of intersection of pump curve and theoretical power curve 
c) point of intersection of pump curve and system curve 
d) none of the above 
 

27.  It is acceptable to run pumps in parallel provided their_________ are similar 
 

a) suction heads    b) discharge heads     c) closed valve heads     d) none of the above 

28.  Small diameter by-pass lines are installed in pumps some times to _____.  
 

a) save energy               b) control pump delivery head 
c) prevent pump running at zero flow       d) reduce pump power consumption 

29.  There are four pumps working against the same friction heads. For which of the following 
static heads, the variable speed drive will be most economical. (assume magnitude of flow 
variation and the number of time it varies is same for all the situations and VSD application 
can be considered) 
 

a) Pump A - 0 m       b) Pump B - 10 m       c) Pump C - 20 m       d) Pump D - 25 m 

30.  A pump with 200 mm impeller is delivering a flow of 120 m
3
/hr. If the flow is to be reduced to 

100 m
3
/hr by trimming the impeller, what should be the approximate impeller size? 

 

a) 167 mm         b) 138mm       c) 60mm      d) none of the above 

31.  If flow rate is 10 m
3
/hr and the range is 8 

o
C for a cooling tower, then its heat load in kCal/hr 

will be. 
 

a) 80       b) 800        c) 8,000         d) 80,000 

32.  When you do a walk through energy audit of a cooling tower which salient parameter will you 
quickly spot check for its water cooling performance? 
 

a) makeup water tap is on or off         b) hot water entry temperature to the cooling tower 
c) cooling tower fan is on or off          d) cold well and ambient wet bulb temperature  

33.  Natural draft cooling towers are mainly used in ____. 
 

a) steel industry      b) automobile industry     c) process industry     d) power stations 

34.  Which of the following is correct statement in the case of cooling towers: 
 

a)"Range" is the difference between the cooling tower water inlet and ambient wet bulb 
temperature. 

b) "Approach" is the difference between the cooling tower outlet cold water temperature and 
hot inlet water temperature.  

c) "Range" is the only indicator of cooling tower performance.  
d) Cooling tower capacity is expressed as heat rejected in Ton of Refrigeration (TR) 
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35.  Which of the following is incorrect statement? 
 

a) Inadequate cooling in after-coolers  causes more condensation in air receivers and 
distribution lines 

b)  Performance of inter-coolers have no effect on work of compression 
c) In a battery of air compressors in operation, the compressor with lower part load power 

consumption should be modulated. 
d) For the same capacity, a compressor consumes more power at higher delivery pressure 

36.  Name the fan which is more suitable for high pressure application  
 

a) propeller type fan                b) tube-axial fan 
c) backward curved centrifugal fan          d) forward curved centrifugal fan 

37.  The basic functions of an electronic ballast fitted to a fluorescent tube light exclude one of the 
following 
 

a) to stabilize the gas discharge   b) to supply power to the lamp at supply frequency 
c) to ignite the tube light               d) to supply power to the lamp at very high frequency  

38.  Energy savings potential of variable torque applications compared to constant torque 
application is: 
 

a) higher b) lower  c) equal  d) none of the above 

39.  In a DG set, a 3 phase alternator is loaded at 450 A, at 415 volts and 0.85 PF. If the specific 
fuel consumption of this DG set is 0.25 lts/ kWh at that load, then how much fuel is consumed 
while delivering generated power for one hour.  
 

a)  39.68 litre          b)  80.86 litre          c) 68.74 litre          d) none of the above 

40.  Slip ring induction motors, in general, have a …… design efficiency in comparison with the 
squirrel cage induction motors for similar ratings 
 

a) lower          b) higher          c) same          d) none of the above 

41.  A power factor capacitor designed for 10 kVAr at 415 V was found to be operating at  405 V.  
The effective capacity of the capacitor would be  
 

a) 9.75 kVAr          b) 10 kVAr          c) 9.52 kVAr          d) none of the above 

42.  Which combination of readings as indicated by the panel mounted instruments of a DG set 
would give the indications of proper capacity utilisation of diesel engine and generator? 
 

a) kW & Voltage      b)  kVA & kVAr      c) kW & kVA       d) none of the above 

43.  Among the following electrical equipment _______ has the highest design efficiency 
 

a) synchronous motor         b) DC shunt motor      c) induction motor         d) transformer 

44.  The surface area of heat exchange in a cooling tower is enhanced by  
 

a) fill media          b) louvers          c) drift eliminator          d) cold water basin  

45.  How many units per liter will be available from a DG set if the operating efficiency is 40%? The 
calorific value of diesel is 10,000 kCal per liter 
 

a) 3.50                                                                                            b) 6.98   
c) cannot be worked out as DG set loading is not indicated   d) 4.65   
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46.  The 5
th 

and 7
th 

harmonic in a 50 Hz power environment will have:  
 

a) voltage and current distortions with 55 Hz & 57 Hz  
b) voltage and current distortions with 500 Hz & 700 Hz   
c) voltage and current distortions with 250 Hz & 350 Hz  
d) no voltage and current distortion at all  

47.  The source of maximum harmonics among the following in a plant power system could be: 
 

a) 100 CFL lamps of 11 W  to 25 W       b) 500 kW, 3 Phase, 415 V, 50 Hz resistance furnace 
c) 5 kVA UPS for computer system       d) Variable Frequency Drive for 225 kW motive load 

48.  Which of the following are emerging technological solutions in electric power distribution 
system?  
 

a) Intelligent meters for improved system operation and customer relationship management 
b) Intelligent or “smart meters” to  replace older systems to allow customers a clear picture of 

their energy use profile, 
c) SCADA system to control and data acquisition for complete T&D system    
d) all the above 

49.  Which of the following options reduces the electricity consumption in lighting system in a wide 
spread plant? 
 

a) installing separate lighting transformer and maintaining optimum voltage 
b) maintaining 260 V for the lighting circuit with 220 V rated lamps 
c) replacing 150 W HPSV lamps with 250 W HPMV lamps 
d) none of the above 

50.  Capacitors with automatic power factor controller when installed in a plant 
 

a) reduces active power drawn from grid      b) reduces the reactive power drawn from grid 
c) reduces the voltage of the plant                d) increases the load current of the plant 

 
 

…….……. End of Section – I ………..…. 
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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 Fill in the blanks 
 

a) If the reactive power drawn by a particular load is zero, it means the load is operating 
at__ power factor  

 
Ans:  unity 
 

b) Power factor is the ratio of_______________  
 
Ans:  kW/kVA   or active power/apparent power) 
 

c) As the „approach‟ increases while other parameters remaining constant, the 
effectiveness of a cooling tower_________ 

 
Ans:  decreases 
 

d)  Lower power factor of a DG set demands____________ excitation currents    
 
Ans:  higher 
 

e) If voltage applied to a 415 V rated capacitors drops by 5 %, its VAr output drops by 
about______%  

 
Ans:  10 

1 mark for each 
 

S-2 Calculate the free air delivery (FAD) of a compressor in m3/hr for the following observed 
data collected during a pump up test:  
 
Receiver capacity     : 0.5  m3 
Initial pressure     : 0.0  kg/cm2 (g) 
Final pressure      : 7.0  kg/cm2 (g) 
Atmospheric Pressure    : 1.026 kg/cm2 (a) 
Ambient air temperature    : 40 oC 
Final compressed air temperature   : 60 oC 
Additional holdup volume in piping and aftercooler : 0.005 m3 

Compressor pump up time    : 5 minutes 30 secs 
 

Ans:  Q = 
2

1

0

12

273

273

t

t

t

V

P

PP
 

2 marks 
= (7-0)/1.026X0.505/5.5X313/333 
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  = 0.5888 m3/min 
             = 35.33 m3/hr 

3 marks 
 

S-3 A 7.5 kW, 415 V, 2 pole, 50 Hz, 3 Phase squirrel cage induction motor has a full load 
efficiency of 90% and power factor of 0.88.  Find the following if the motor operates at 
full load rated values. 

 
a)  input power in kW  
b)  current drawn by the motor  
c)  RPM at a full load slip of 1% 

 
Ans: a) Pin (Input power) = 7.5 / 0.90 = 8.333 kW 

1 mark 

 b) I(Input current) = 8.333 / ( 3 x 0.415 x 0.88) = 13.17 A  
2 marks 

c) Ns = 120 x f / p = 120 x 50 / 2 = 3000 RPM 
  N   = Ns ( 1- S ) 

   = 3000 ( 1- 0.01) 
   =  2970 RPM 

 3 marks 
 

S-4 In an air-handling unit (AHU), the actual airflow rate is 9300 m3/hr and the inlet air has 
16.12 kCal/kg of enthalpy. At the outlet of AHU, air has enthalpy of 13.33 kCal/kg. The 
density of air is 1.15 kg/m3. Estimate the TR of the air-handling unit?  

 
Ans: = (Enthalpy difference x density x air flow in m3/hr) /3024   

2 marks 
= (16.12-13.33) x 1.15 x 9300 /3024    
=9.86 TR 

3 marks 
 

S-5 A centrifugal pump is pumping 90 m3/hr of water with a discharge pressure of                 
3 kg/cm2 (g) and a negative suction head of 3 m. If the power drawn by the motor is  
13 kW, find out the pump efficiency. Assume motor efficiency as 91% and water density 
as 1000 kg/m3. 

  

Ans: Hydraulic power Ph = Q (m3/s) x Total head, hd - hs (m) x  (kg/m3) x g (m/s2) / 1000 
2 marks 

 
 Q = 90/3600 m3/s ( 0.025), hd - hs  = 30 – (-3)  = 33 m  
 

Hydraulic power Ph = (100/3600) x 33 x 1000 x 9.81 / 1000 
          = 8.09325 kW 

1 mark 
Pump shaft power    = 13 kW x 0.91   
          =    11.83 kW 

1 mark 
Pump efficiency        = hydraulic power / pump shaft power 
 
           = 8.09325 / 11.83 
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           = 68.41 % 
1 mark 

 
S-6 Find out the blow down rate of a cooling tower from the following data:  
 
            Cooling water flow rate is 600 m3/hr. The operating range is 8 oC. The TDS 

concentration in circulating water is 1500 ppm and TDS in make up water is 300 ppm. 
 
Ans: Evaporation Loss (m3/hr)  = 0.00085 x 1.8 x circulation rate (m3/hr) x (T1 –T2) 
                   = 0.00085 x 1.8 x 600 x 8 
            = 7.344m3/hr 

2 marks 
 

COC     = (TDS in circulating water / TDS in make up water) 
   = 1500 / 300 
   = 5 

2 marks 
 Blowdown  = Evaporation loss / (COC – 1) 
   = 7.334 / (5 – 1) 
   = 1.836 m3/hr 
 

1 mark  
 
S-7 List down any 5 energy conservation opportunities in fan systems.  
 
Ans: 

1. Minimising excess air level in combustion systems to reduce FD fan and ID fan 
load. 
 

2. Minimising air in-leaks in hot flue gas path to reduce ID fan load, especially in 
case of kilns, boiler plants, furnaces, etc.  

 
3. Avoid cold air in-leaks which increase ID fan load tremendously, due to density 

increase of flue gases and in-fact choke up the capacity of fan, resulting as a 
bottleneck for boiler / furnace itself. 
 

4. Minimizing system resistance and pressure drops by improvements in duct 
system  

5. Adopting inlet guide vanes in place of discharge damper control 
6. Option of energy efficient flat belts, or, cogged raw edged V belts, in place of 

conventional V belt systems, for reducing transmission losses 
7. Option of two speed motors or variable speed drives for variable duty 

conditions 
8. Fan speed reduction by pulley dia modifications for derating 
9. Change of metallic / Glass reinforced Plastic (GRP) impeller by the more 

energy efficient hollow FRP impeller with aerofoil design, in case of axial flow 
fans 

10. Impeller derating (by a smaller dia impeller) 
11. Change of fan assembly as a whole, by a higher efficiency fan 
12. Change of impeller by a high efficiency impeller along with cone  

1 mark each for any five points 
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S-8 In a throttle valve-controlled pumping system with oversized pump, list any five best 

methods to improve energy efficiency?  (Note: Name only methods, no explanation 
required) 

 
Ans:  Trim impeller, smaller impeller, variable speed drive, two speed drive, and lower 

rpm drive 
1 mark each for any five points 

 
 

……………. 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)  A unit has a 2 identical 500 kVA transformers each with a no load loss of 800 W and full 

load copper loss of 5000 W. The plant load is 400 kVA. Compare the transformer losses 
with single transformer operation vis-à-vis two transformers in parallel operation.  
 

Ans:  Transformer Loss with one 500 kVA Transformer in operation 
= 800 + (400/500)2 x 5000  
= 4000 W 

2 marks  
Transformer Loss with two 500 kVA transformers sharing the 400 kVA Load 
           = 2 x [800 + 5000 x (200/500)2] 

= 3200 W 
2 marks 

Therefore, loss with a single transformer operation at 400 kVA is higher by 800 
Watts in comparison to the situation when both the transformers are in operation 
for the same loading condition. 

1 mark 
 

 b)  List down any five options suitable for minimizing electrical distribution loss 
 
Ans:  

 Relocating transformers and sub-stations near to load centers 
 Re-routing and re-conductoring such feeders and lines where the losses / 

voltage drops are higher. 
 Power factor improvement by incorporating capacitors at load end 
 Optimum loading of transformers in the system 
 Opting for lower resistance All Aluminum Alloy Conductors (AAAC) in place of 

Conventional Aluminum Cored Steel Reinforced (ACSR) lines 
 Minimizing losses due to weak links in distribution network such as jumpers, 

loose contacts, and old brittle conductors. 
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 Improving HT:LT ratio so as to minimize long LT network 
1 mark each for any five points 

 
L-2       An efficiency assessment test was carried out for a standard squirrel cage induction 

motor in a process plant. The motor specifications are as under.  
  
 Motor rated specification = 37 kW, 415 Volt, 62 Amps, 1480 rpm, 3 phase,  

                                                  delta connected 
 
 The following data was collected during the no load test on the motor.  
  
 Voltage = 415 Volts 
 Current  = 18 Amps  
 Frequency  = 50 Hz 
 Stator resistance per phase  = 0.275 Ohms at 300C 
 No load power = 1164 Watts  
 
 Calculate the following: 
 

i) Iron plus friction and windage losses.  
ii) Stator resistance at 120oC.  
iii) Stator copper loss at full load at operating temperature of 120oC. 
iv) Full load slip and rotor input assuming rotor losses are slip times rotor input. 
v) Motor input assuming that stray losses are 0.5% of the motor rated output power. 
vi) Motor full load efficiency and full load power factor.  

 
Ans: i) Let Iron plus friction and windage loss, Pi + fw 

No load power, Pnl = 1164 Watts 
Stator Copper loss at 300C ,  

Pst30   = 3  (18 / 3)2  0.275 
= 89.1 Watts 

Pi + fw  = Pnl – Pst30 
= 1164 – 89.1 
= 1074.9 W 

2 marks 
 

ii) Stator Resistance at 120 0C,  

R120
0
C   = 0.275  

235 30

235 201
 

= 0.368 ohms per phase 
1 mark 

iii) Stator copper losses at full load at 1200C, Pst120  

= 3  (62 / 3)2  0.368 
= 1414.5Watts 

                                                                                   1 mark 
 

iv) Full load slip 
S   = (1500 – 1480) / 1500 
   = 0.01333 

 Rotor input, Pr  = Poutput/ (1-S) 
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 = 37000 / (1-0.01333) 
 = 37499.87 Watts 

2 marks 
 

v) Motor full load input power, P input  
 = Pr + Pst120 + (Pi + fw) + Pstray 

 = 37499.87 + 1414.5 + 1074.9 + (0.005*  37000) 
 = 40174.27 Watts 
*where, stray losses = 0.5% of rated output (assumed) 

2 marks 
 
vi)  Motor efficiency at full load 

Efficiency  =  100  
P

 P

input

output
 

 = (37000 / 40174.27) x 100 
 = 92.1 % 

Full Load PF =  
I  V  3

 P

fl

input
 

 =     (40174.27/ √3 x 415 x 62) 
 = 0.9014 

 2 marks 
 
L-3 A water pump is delivering 400 m3/hr at ambient conditions.  The impeller diameter is 

trimmed by 8 % and its speed is reduced by 10 %.  Find out the water flow at the 
changed conditions. 

 
 Ans: Q1  =   400  m3 / hr. 
 

D2  =   0.8 D1  
  

N2
   =  0.9  N1  

 
Q2   =  ? 

  
Q   α   D      Q1        D1  

        Q2         D2 
         
        400        D1  
        Q2         0.8 D1 

 
       Q2   =  0.8 x 400   
       Q2    =  320 m3 /hr.  

5 marks 
Q   α   N 
 
Q2           N1  

              Q3           N2 

= 

=  

= 
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320         N1 
 Q3          0.9 N1 
 
 Q3     =   288 m3/ hr. 

 5 marks 
 
L-4  In an Alkali chemical plant, salt brine flowing at the rate of 20 m3/hr is cooled down from 

14 oC to 8 oC using chilled water. The chiller unit compressor motor draws 44.4 kW at a 
motor operating efficiency of 90 %. The power drawn by the allied auxiliaries is 20 kW. 
The salt brine density is 1.2 kg/litre and specific heat capacity is 0.97 kCal/kg oC 

 
a)  What is the refrigeration load (TR) imposed by the brine cooling? 
b)  What is the COP of refrigeration compressor? 
c)  What is the overall specific power consumption in kW/TR ? 

 
 
Ans: a) The refrigeration load in TR  = Q. Cp. (Ti – To )  / 3024                                                                                                              
                                                                    
                   where   Q  = mass flow rate of brine in  kg/hr 
                                 Cp  = specific heat capacity of brine in kCal/ kg deg.C  
                                 Ti & To = inlet and outlet temperature                             

2 marks   
            

               Refrigeration load imposed by the brine TR: 
                                  TR = {20,000* 1.2 * 0.97 (14-8)}/3024 
                                               = 46 TR                                             

 3 marks 
 
         b) COP of refrigeration compressor  =       3.516 * TR 

                                                                           Power input to the compressor (kW)   
 
                                             =      3.516 * 46 / (44.4 x 0.9) 
                                                                       =      4.04                                    

3 marks      
 

   c) Overall specific consumption kW/TR  
= Overall power input to the system (kW) 

                                                                                      Refrigeration Load (TR)     
   
                                         =  power input to compressor motor + other accessories 
                                                                       Refrigeration Load                 
                                         = ( 44.4+20) / 46  
         =  1.4 kW/TR                                                                

2 marks 
 
L-5 a) How do you calculate the velocity of gas in a duct using the average differential pressure 

and density of the gas? 

=  



Paper 3 –Set A Solutions  

_______________________ 
Bureau of Energy Efficiency 

14 

 
Ans: Velocity V, m/s = CP x (2 x 9.81 Δp x y)1/2 
                                                          y 
  

C
p 
 = Pitot tube constant, 0.85 (or) as given by the manufacturer  

Δp = Average differential pressure (velocity pressure) measured by pitot tube by 
taking measurement at number of points over the entire cross section of the 
duct.  

γ    = Density of gas at test condition 
3 marks 

 
b)  A V-belt centrifugal fan is supplying air to a process plant. The performance test on the 

fan gave the following parameters.  
 

Density of air at 0 oC 1.293 kg/m3 

Ambient air temperature  40 oC 

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 75 kW 

Belt transmission efficiency 97 % 

Motor efficiency at the operating load 93 % 

 
 Find out the static fan efficiency. 
 
Ans:   
 

Air  temperature 40 oC 

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 75 kW 

Transmission efficiency 97% 

Motor efficiency 93 % 

Area of the discharge duct 3.14 x 0.8 x 0.8 x 1/4 

 0.5024 m2 

Pitot tube coefficient 0.9 

Corrected gas density (273 x 1.293) / (273 + 40) = 1.1277 
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Volume 

 

 Cp  x  A  2 x 9.81 x   p  x     

               

 0.9 x0.5024 x Sq rt.(2 x 9.81 x 45 x 1.1277) 
                          1.1277 

 12.65 m3/s  

 3 marks 

Power input to the shaft 75 x 0.97 x 0.93 

 67.65 kW 

 1 mark 

 

Fan static Efficiency   12.65 x (185 – (–20)  
102  x  67.65 

 37.58 % 

 3 marks 

 
 
L-6 a) Estimate the cooling tower approach and capacity (TR) with the following parameters  
 
 Water flow rate through CT  = 150 m3/hr 
 Specific heat of water  = 1 kCal/kg °C 
 Inlet water temperature = 42 °C 
 Outlet water temperature = 34 °C 
 Ambient WBT   = 30°C 
 

b) A 180 kVA, 0.80 PF rated DG set has Diesel engine rating of 240 BHP. What is the 
maximum power factor which can be maintained at full load on the alternator without 
overloading the Diesel engine? (Assume alternator losses and exciter power 
requirement as 5.44 kW and there is no derating of DG set)  

 
 
Ans a) 

Approach     = 34- 30 = 4oC 
2 marks 

 
Cooling tower capacity (TR) = (flow rate x density x sp.heat x diff. temp)/ 3024 
      = 150 x 1000 x 1.0 x (42-34)/ 3024 
      =  396.8TR 

3 marks 
 

Ans: b) 
         

Engine rated Power                = 240 x 0.746  
= 179.04 kW 

3Volume in  m  / Sec  x   total static  pressure in mmwc
Static Fan Efficiency  %   

102 x Power input to the shaft in (kW)
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2 marks 
 

Rated power available  
for alternator      = 179.04 – 5.44   

= 173.6 kW 
  2 marks 

Maximum power factor  
Possible  = 173.6 /180    
 = 0.964 

1 mark 
 
 

……………. End of Section – III ………….… 


