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General instructions:

· Please check that this question paper contains 11 printed pages

· Please check that this question paper contains 64 questions

· The question paper is divided into three sections

· All questions in all three sections are compulsory

· 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, as per instructions

	1. 
	“HEAT RATE” is the heat input in kilo Calories or kilo Joules, for generating

a) one  kWh of electrical output


b) one kW of electrical output      

 c) one kVAh of electrical output                   

 d) one  kVA of electrical output                   

	2. 
	Select the wrong Statement: The advantage of PF improvement by capacitor addition in an electric network is 

a) reactive power component of the network is reduced 

b) active power component of the network is reduced 

c) I2R power losses are reduced in the system 

d) voltage level of the electric network is improved

	3. 
	The power factor indicated in the monthly electricity bill is 

a) peak day power factor                         b) peak power factor during night 

c) average power factor during the month                         

 d) instantaneous peak power factor during the month 

                          

	4. 
	In the city electrical distribution scheme, a proposal is being prepared to upgrade 11 kV network to 33 kV. The reduction in distribution loss, corresponding to the same quantum of load in the proposed upgraded system will be

a) 11%

b) 33%

c) 3 times from its original loss value

d) none of the above

	5. 
	For the electricity consumers paying electricity bill on two part tariff, maximum demand recorded is the

a)  instantaneous maximum demand drawn over the predefined recording cycle

b)  time integrated demand over the predefined recording cycle

c) instantaneous maximum demand drawn within the whole billing period

d) none of the above

	6. 
	Busbar Voltages at the main electrical panel of a plant were balanced but at the  Motor Control Circuit (MCC),receiving three phase power from busbars, the line voltages were found to be unbalanced. The plant had earlier installed three phase shunt capacitors to improve power factor at MCC. The main reason for this unbalance voltage at MCC among the following was  

a)PF capacitors were switched off        

b)PF capacitors were operating at higher voltage then their rated values                      

c) PF capacitors were operating at lower voltage then their rated values                     

d) It was result of blown fuse in one phase of the 3 phase PF capacitors

	7. 
	In case of a Synchronous motor, which is not true

a) AC power is fed to the stator 

b) the speed of the rotor is a function of the supply frequency and the number of magnetic poles in the stator 

c) synchronous motor rotates with some  slip 

d)  D.C. excitation power is fed to the rotor. 

	8. 
	The power factor of an induction motor

a) increases with decrease in  percentage motor loading

b) decreases with increase in percentage motor loading 

c) remains constant at all the percentage motor loading

d) none of the above


	9. 
	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) motor PF was over corrected or critically corrected (unity power factor)

b) charging current of the capacitor was only 80% of the motor magnitising current

c) motor was oversized

d) motor was undersized



	10. 
	A 22 kW rated 3 phase induction motor operating at 405 V and drawing 18 kW, 32 amperes will be operating at a  power factor of

a) 0.98                     b) 0.86                       c) 0.8               d) none of the above


	11. 
	The FAD capacity of a reciprocating compressor is directly proportional to   

a) speed
b) pressure
c) volume
d) all of the above 

	12. 
	The purpose of an inter cooler in a reciprocating compressor is to

a) remove the moisture in the air 

b) reduce the temperature of the air before it enters the next stage

 c) separate moisture and oil vapour 

d) none of the above


	13. 
	Identify the correct statement for air compressors:

a. For every 4 oC drop in the inlet air temperature, the decrease in energy consumption is by 2%.

b. For every 4 oC rise in the inlet air temperature, the decrease in energy consumption is by 2%

c. For every 4 oC rise in the inlet air temperature, the increase in energy consumption is by 1%

d. The energy consumption remains same irrespective of inlet air temperature

	14. 
	Increase in the delivery pressure of a compressor by 1 bar would reduce the power consumption by

a) 2 to 3 %
b) 6 to 8 %
        c) 12 to 14 %
d) none of the above 

	15. 
	As the ‘approach’ increases while other parameters remaining constant, the effectiveness of a cooling tower 

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

	16. 
	The c   The correction factor for actual free air discharge in a compressor capacity test will be ------------, when the compressed air discharge temperature is 150 C higher than ambient air of 400 C.

a) 0.727              b) 1.0479                      c) 0.954                d) none of the above

	17. 
	If the power consumed by a refrigeration compressor is 2 kW per ton of refrigeration, then its 

energy efficiency ratio (Watt/Watt) is given by

a) 6            b) 1.76                           c) 1.51                             d) none of the above

	18. 
	If 30,000 kCal of heat is removed from a room every hour then the refrigeration tonnage will be nearly equal to

a) 30 TR                  b) 15 TR                 c) 10 TR                  d) 5 TR



	19. 
	Higher chiller COP can be achieved with 

a) higher evaporator temperature and higher condensing temperature

b) lower evaporator temperature and higher condensing temperature

c) lower evaporator temperature and lower condensing temperature

d) higher evaporator temperature and lower condensing temperature

	20. 
	Chilled water enters evaporator at 120C and leaves at 70C .  The flow rate of chilled water was measured as 5 m3/min.  The tons of refrigeration capacity will be

a) 0.827                     b)8.27                          c) 496                     d) none of the above

	21. 
	The COP of a vapour compression system is 3.5.  If the motor draws power of 10.8 kW at 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  

	22. 
	 A centrifugal pump is delivering 200 m3/hr.  The impeller diameter is trimmed by 10%.  The new flow (m3/hr.) will be

a)222                  b) 200                          c) 180                                d)162

	23. 
	A centrifugal pump is operating at 1440 RPM. If the power is to be reduced to 75 % of the existing power , the speed of the pump as per affinity law will be

a) 1308 RPM             b)  1080 RPM                  c)  360 RPM             d) none of the above

	24. 
	If the delivery valve of the pump is throttled such that it delivers 60% of the rated flow always, one of the best options for improved energy efficiency pump operation would be 

a) trimming of the impeller



b) replacing the motor

c)  replacing the existing pump with  a smaller sized pump
d) variable speed drive

	25. 
	The In   Inclined manometer connected to a pitot tube is sensing ------------- pressure in a gas stream

a) static pressure
                            b) velocity pressure


c) total pressure                               d) atmospheric  pressure

	26. 
	In case of parallel operation of pumps, select the wrong statement:

a)The system curve is usually not affected by the number of pumps that are running in parallel. 

b)For a system with a combination of static and friction head loss, 

the operating point of the pumps on their performance curves moves to a higher head 

c) For a system with a combination of static and friction head loss, the flow rate with two pumps running is double that of a single pump.
 d) If the system head were only static, then flow rate would be proportional to the number of pumps operating.



	27. 
	If two similar pumps are operating in series, the 

a) flow is halved    b) flow is doubled     c) head is doubled          d) head is halved  

	28. 
	Changes in impeller diameter in a centrifugal pumps are limited to reducing its diameter to about--- of its maximum size

a) 75%                   b)  60%                     c) 50%                              d) 40% 

	29. 
	The refrigerant used in vapour absorption systems is 

a) freon         b) steam            c) pure water                              d) lithium bromide

	30. 
	Which of the following is incorrect statement in the case of cooling towers:

a)"Range" is the difference between the cooling tower water inlet and outlet temperature.

b) "Approach" is the difference between the cooling tower outlet cold water temperature and ambient wet bulb temperature. 

c)'Range' is the only indicator of cooling tower performance. 

d) Cooling tower capacity is expressed as heat rejected in TR

	31. 
	If flow rate is 10m3/hr and the range is 10oC for a cooling tower, then its heat load in kCal/hr will be.

a) 100                        b) 1,000                c) 10,000                           d) 1,00,000


	32. 
	Is there a conceptual difference between COP and EER? 

a) There is a conceptual difference between COP and EER

b) There is no conceptual difference between COP and EER as both the parameters are calculated with different units in the ratio “refrigeration effect/ power input” 

c) The relation between COP and EER is COP = 0.50 EER and hence there is no conceptual difference.

d) None of the above



	33. 
	For a cooling tower, the following two statements are made. What is your judgment ?

Statement A: Surface of heat exchange is the surface area of the water droplets, which is in contact with air.

Statement B: Area of heat exchange is the surface area of the fill sheets, which is in contact with air.

a) Statement A & B are false

b) Statement A is True & B is false

c) Statement A & B are True

d) Statement A is false & B is True

	34. 
	Forward curved centrifugal fans are best suited for 

a) high pressure, medium flow     b) medium pressure, high flow 

c) high pressure, high flow           d) none of the above

	35. 
	Squirrel cage induction motors, in general, have a …… design efficiency in comparison with the Slip ring induction motors for similar ratings

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

	36. 
	Ratio of luminous flux(lumen) emitted by a lamp to the power consumed(watt)  by the lamp  is called

a) Luminous intensity   b) Luminous efficacy     c) Reflectance d) Luminance



	37. 
	A power factor capacitor designed for 10 kVAR at 415 V was found to be operating at 439 V.  The effective capacity of the capacitor would be 

a) 9.3 kVAR   
     b) 10 kVAR
            c) 11.2 kVAR
         d) none of the above

	38. 
	A centrifugal fan is operating at 700 RPM developing a flow of 2000 Nm3/hr. at a static pressure of 600 mmWC.  If the fan speed is reduced to 600 RPM, the static pressure will become:

a)441  mmWC         b) 817 mmWC             c)514 mmWC                 d) none of the above



	39. 
	The ratio between heat extracted and work done in a refrigeration system is called as

a)Efficiency         b) COP         c) Refrigeration effect          d)none of the above

	40. 
	The fo   Following function cannot be achieved with automatic power factor controllers

a) Voltage control 
b) KILOVAR control
c) kW control

d) PF control

	41. 
	The following electrical equipment has the highest efficiency

 

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


	42. 
	The electronic ballast in lighting application does not have one of the following characteristics

a) requiring a starter
 b) tuned circuit to deliver power at 28-32 KHz

c) lower operational losses than magnetic ballast
d) low temperature rise

d) None of the above

	43. 
	Which method uses infrared, acoustic, ultrasonic or microwave sensors for lighting

control?

a) Time-based control 

b) Daylight-linked control 

c) Occupancy-linked control
d) Localized switching



	44. 
	In a DG set, the generator is consuming 90 litre per hour diesel oil. If the specific fuel consumption of this DG set is 0.25 litres/ kWh at that load, then what is the kVA loading of the set at 0.72 PF? 

a) 360 kVA
     b) 500 kVA   
      c) 1000 kVA
      d) none of the above

	45. 
	For  assembly line, inspection areas, painting shops, where colour critical applications and  higher illumination levels are required, the following type of lamps will be most suitable

a) mercury vapour lamps          b) sodium vapour lamps

c) CFLs                                     d) Metal halide lamps

	46. 
	When compared to standard motors, energy efficient motors have

a) lower slip      b) lower shaft speed      c) higher starting torque     d) all of the above

	47. 
	If a 100 W,230 Volt rated incandescent lamp is operated at 200 Volt, the power drawn by the lamp will be ( assume  lamp filament resistance remains same)

a) 75W               b) 87W             c) 100W                       d)none of the above


	48. 
	Select the Correct statement: Operating power factor of a DG set running in isolation from the grid supply

a) shall always be maintained at 0.8 at all the load 

b) shall always be maintained at unity at all the load

c) shall always be the same as maintained for the grid supply

d) shall be decided based on the engine shaft power(kW), alternator losses(kW), exciter power requiremetns  and load on the alternator(kVA)

	49. 
	In a driven equipment connected with motor through a  variable speed fluid coupling 

a) motor speed can be changed                   b) driven equipment speed can be changed     c) both motor and driven equipment speeds can be changed  d) none of the above



	50. 
	Which of the following is WRONG

a) The luminous efficacy is the ratio of light output in lumens to power input to lamp in watts.

b) The minimum illuminance for all non-working interiors, has been mentioned as 20 Lux (as per IS 3646).

c) The efficacy of Halogen lamps and incandescent lamps is almost same 

d) One lux is equal to one lumen per square feet.


…….……. End of Section – I ………..….

Section – II: SHORT DESCRIPTIVE QUESTIONS 

     
Marks: 8 x 5 = 40 


(i)
Answer all Eight questions


(ii)
Each question carries Five marks

S-1
A  7.5 kW, 415 V,14A, 4 pole, 50 Hz, 3 Phase squirrel cage induction motor has a full load efficiency of 91%.  Find the following if the motor operates at full load rated values.

a) input power in kW

b) power factor


a) Pin (Input power) = 7.5 / 0.91= 8.242 kW

2 Marks
b)   power factor= 8242 / ((3 x 415 x 14) = 0.82
3 Marks
S-2
Why is it beneficial to operate induction motors in star mode operating at loads below 50 % of   rated capacity? 

For motors which consistently operate at loads below 50 % of rated capacity, an inexpensive and effective measure might be to operate in star mode.  A change from the standard delta operation to star operation involves re-configuring the wiring of the three phases of power input at the terminal box.
Operating in the star mode leads to a voltage reduction by a factor of ‘
[image: image1.wmf]3

’.  Motor output falls to one-third of the value in the delta mode, but performance characteristics as a function of load remain unchanged. Thus, full-load operation in star mode gives higher efficiency and power factor than partial load operation in the delta mode.  However, motor operation in the star mode is possible only for applications where the torque-to-speed requirement is lower at reduced load.

5 Marks
S-3
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:

0.3 m3
Initial pressure:


1 kg/cm2 (g)

Final pressure:


7 kg/cm2 (g)

Atmospheric Pressure:                  1.026 kg/cm2 (a)

Ambient air temperature:
30 oC

Final compressed air temperature:

50 oC

Additional holdup volume in piping and aftercooler:
0.05 m3

Compressor pump up time:
4 minutes 30 secs

Answer:
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= (7-1)/1.026X0.3/4.5X303/323


= 0.366 m3/min

5 Marks
Deduct 2 Marks if temperature correction is ignored
S-4
In a throttle valve-controlled pumping system with oversized pump , name any 5 solutions for improving energy efficiency. (no description required)
Answer

1Trim impeller, 2.smaller impeller, 3.variable speed drive, 4.two speed motor, and   5. lower rpm motor

5 Marks ( One mark for each of the points mentioned)
S-5
Is wet bulb temperature an important factor in performance of cooling tower? Explain briefly

Answer

Wet bulb temperature is a controlling factor from the aspect of minimum cold water temperature to which water can be cooled by the evaporative method.  
Theoretically, a cooling tower will cool water to the entering wet bulb temperature, 
when operating without a heat load. 
However, a thermal potential is required to reject heat, so it is not possible to cool water to the entering air wet bulb temperature, when a heat load is applied. 
Wet bulb temperature is a factor in cooling tower selection; the higher the wet bulb temperature, the smaller the tower required to give a specified approach to the wet bulb at a constant range and flow rate.

5  Marks
S-6
In a cooling tower, the Cycle of Concentration (C.O.C.) is 2.8 and evaporation losses are 0.8%.  The circulation rate is 1000 m3 /hr.  Find out the blow down quantity required for maintaining the desired level of dissolved solids in the cooling water.

Answer

Blow down          =     Evaporation  loss / (COC – 1)

                                   = 0.008 x 1000

                                      __________         =     4.4 m3/hr
2.8-1                    

5  Marks
S-7
A chemical plant has planned to replace its existing 100 TR vapour compression refrigeration system with vapour absorption system of same ratings. An energy auditor recommends the management of the plant that they can retained the existing cooling tower as the refrigeration capacity remains same and the existing cooling tower will suffice the purpose. Do you agree with the auditor’s recommendations? Briefly explain with reasons.

Answer:

No. The heat rejection requirements for absorption refrigeration system is almost double than that of vapour compression system

Therefore, for the given refrigeration capacity (100 TR), absorption type chillers will require double the capacity of cooling tower in comparison to vapor compression type chiller. The plant has to add one more cooling tower of same capacity (100TR) in order to meet the heat rejection load of absorption chiller.  

5  Marks
S-8
A fan is operating at 975 RPM developing a flow of 3500 Nm3/hr. at a static pressure of 650 mmWC.  What will be the flow and static pressure if the speed is reduced to 700 RPM.

                 Q1   3500 Nm3 / hr.
Q2     =   ?  



    
      N1  =  975 rpm

N2    =  700 rpm




      PSp1 = 650 mmWc
PSp2   =   ?


 



N1   = Q1
[image: image3.wmf]3

Volume in  m / Sec  x   total static  pr

essure in mmwc

Static Fan Efficiency  %   

102 x Power input to the shaft in (kW)

=

[image: image4.wmf]3

Volume in  m / Sec  x   total static  pr

essure in mmwc

Static Fan Efficiency  %   

102 x Power input to the shaft in (kW)

=



N2      Q2      

       

Q2    = N2 x  Q1      =  700



          N1                  975

2.5  Marks


SP1       N12

            SP2       N22      



SP2   =  SP1 x   N22/N12   =       650 x  7002  

                                                                                    9752
    
            SP2   = 335 mmWc   








2.5  Marks
………..……. 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-1a) 
An energy auditor is invited by an old textile mill to identify the scope of electricity savings in the distribution system. After, a visit to the mill substation, the auditor observes the following voltage distribution arrangement. In your view,   what best option he would like to suggest to the management for its detail investigation.  

( Note: The detail technical and financial implications at this stage are not to be considered. Only concept to be mentioned)


Ans:  

Instead of two step transformation in power supply, one new transformer of  voltage ratio 11/0.433kV can be installed and losses can be minimized.In addition cost of maintaining two transformers, cables, switchgears etc. can be minimized.

5  Marks
b) Pump-A&B in parallel, slow speed, identical in characteristic and connected to common header with a common discharge pressure gauge. Both pumps discharge valves are always in open condition for emergency starting. Both pumps also fitted with non-return valves, whose working status is not known. The following conditions were observed during below mentioned two situations
i) When Pump-A and B are running independently, they record same amps. But, Pump-B takes more time than Pump-A to fill the discharge tank when running alone.

ii) When both pumps are running in parallel, Pump-A shows more amps than Pump-B.   

What could be the reason(s) and what could be the remedial actions?

Ans

The reason is that Non-return valve is passing in Pump-A. So, when Pump-B is operating, part of water is discharged to suction tank through pump-A. This will be shown by reverse rotation of pump A

When both pumps are running, Pump-A has to struggle more due to back up pressure from pump-B. So that it takes more amps compared with pump-B.
3  Marks
Remedial Actions :

2) Correct Non-return valve of Pump-A. 

3) Install individual suction pressure gauges for both pumps. 

2  Marks
L-2
A chemical plant has a contract demand of 5000 kVA with the power supply company. The average maximum demand of the plant is 4150 kVA at a power factor of 0.89. The maximum demand is billed at the rate of Rs.400/kVA. The minimum billable maximum demand is 75 % of the contract demand. An incentive of 0.5 % reduction in energy charges component of electricity bill are provided for every 0.01 increase in power factor over and above 0.95. The average energy charge component of the electricity bill per month for the company is Rs.20 lakhs. 

The plant retains the services of an energy auditor to recommend the optimum limit of power factor improvement to reduce the demand charges and electricity bill .

What would be recommendations/conclusion of energy auditor on the following:

a)optimum power factor improvement limit

b) power factor capacitor kVAr required, 

c)annual reduction in maximum demand charges and energy charge component due to PF improvement incentive. 

d) simple payback period if the cost of power factor capacitors is Rs.900/kVAr. 

Answer
	kW drawn
	4150 x 0.89 =

3693.5 kW
1  Mark


	75 % of contract demand


	5000X0.75=3750kVA 

1  Mark

	Optimum limit of PF improvement


	3693.5 / 3750=0.9849
1  Mark


	 Kvar required to improve power factor from 0.89to 0.985
	kW ( tan (1 – tan (2)

kW ( tan (cos-(1) – tan (cos-(2)

	
	3693.5 ( tan (cos-) – tan (cos-)

	
	3693.5  (0.5123152 -  0.175778)

	
	1243 kVAr= 1245kVar

	
	3  Marks

	Cost of capacitors @Rs.900/kVAr
	Rs.11,20,500

	
	

	
	

	
	

	Reduction in Demand charges
	(4150-3750) kVA x Rs.400

	
	Rs.1,60,000 x 12

	
	Rs.19,20,000

	
	2  Marks

	Percentage reduction in energy charge from 0.95 to 0.985 @ 0.5 % for every 0.01 increase
	1.75 %

	Monthly energy cost component of the bill
	Rs.20,00,000

	Reduction in energy cost component
	20,00,000 x (1.75/100)

	
	Rs.35,000/month

	Annual reduction
	Rs.35,000 x 12

	
	Rs.4,20,000

	Savings in electricity bill
	Rs.23,40,000

	Investment
	Rs.11,20,500

	Payback period
	Rs.11,20,500/23,40,000

	
	0.478 years or 5.75 months

	
	2  Marks


L-3
An energy auditor is trying to establish the operating power factor of a 15 HP/12.5kW, 3 phase induction motor with full load  rated efficiency of 90%.The motor is not connected with any PF correction capacitors at motor terminals. The instrument to measure electric parameters ( 3 phase) displays the three numbers: 

             Input power:               5 kW, 

             Input reactive power : 2 kVAr and 

             Power Factor  :            0.928.

            The auditor then works out the percentage loading on the motor. In your opinion what would be the auditor’s observation on the instrument display and its correctness?

Answer:


 (kVA)2 = (kW)2 + (kVAr)2 .

               Furthermore PF
= kW/kVA, and consequently 


kVA =((kVAr)2  + (kW)2 =((2)2  + (5)2 = 5.38516 

            PF = 5/5.38516 = 0.928

This calculation agrees with the display of 0.928 


4  Marks
Percentage motor loading = input power / rated input power = 5 / (12.5 / 0.9) = 5/13.88 = 36%.
2  Marks
However it is unlikely that a 12.5 kW motor operating at 36% load will ever achieve PF = 0.928. Consequently something is suspicious with the instrument. Therefore the answer is NO.
4  Marks
L-4
A 37.5 kW rated induction motor burns out in a process plant.  The financial manager of the plant wants to rewind the motor for Rs.10000 to save money.  The Energy Manager wants to buy a new energy efficient motor for Rs.50,000/- after selling burnt out motor for Rs. 8,000.  He claims that he can save much more money in the next five years than the cost difference of the above two options.  Other data is as under:


Operating hours/year


                                   = 7800


Rewound motor efficiency at 75% loading
                        = 89%


New energy efficient motor efficiency at 75% loading
= 94%

Motor loading



                                    = 75%

Electricity cost



                                    = Rs.5/kWh

(i) How much money does the energy manager actually save over 5 years and what is the simple pay back period ?

(ii) The financial manager claims the financial risk is still too high because operating hours may go down drastically from 7800 to 3000 hrs in the next 5 years. The energy manager still insists that even if the motor’s annual operating hours become 1/3 rd of the annual 3000 operating hours as predicted by financial manager, the proposal will still    recover the cost difference within next 5 years (ignoring interest burdon). Do you agree with the energy manager’s claim

(i)
Electricity cost savings over 5 years:

37.5 x 0.75 (100
 _ 100) x 7,800 x 5 x 5 = Rs.326868.75  


      ( 89
                  94)




   
3  Marks
Pay back period = (50,000 – 8,000)




   




  (326868.75/ 5)




= 0.6424 years  (or) 7.7 months                                              
3  Marks
(ii)
37.5 x 0.75 (100
  _   100) x “Hours” x 5 x 5 = Rs.42,000


    
    ( 89
                    94)





   

“Hours” = 1002 hours per year., which is around 1/3rd of operating hours as estimated by finanace manager


Yes, energy manager claim is correct

   
                       
4  Marks
L-5    A plant is operating a chilled water system at constant full load. The chilled water inlet and outlet temperature is 11OC and 6OC respectively. The chilled water pump discharge pressure is 3.4 kg/cm2 g and the suction is 3 meters above the pump centerline. The power drawn by the chilled water pump’s motor  is 70 kW at a efficiency of 90 %. The chilled water pump efficiency at the operating point from pump characteristic curve is 60 %. Find out the operating refrigeration load in TR

         Answer
	Total head
	31 m

	
	

	Pump shaft power
	70 x 0.9

	
	

	
	63 kW

	
	1  Mark


	Flow rate
	(63 x 1000)X 0.6 / 31 x 1000 x 9.81

	
	

	
	0.124297 m3/s

	
	

	
	447.5 m3/hr

	
	5  Marks

	Refrigeration load
	(447500 x 5) / 3024

	
	

	
	740 TR

	
	4  Marks


L 6
A V-belt centrifugal fan is supplying air to a chemical plant at 35 oC. The performance test on the fan gave the following parameters. 

	
	

	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
	45 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
	70kW

	Belt transmission efficiency
	95%

	Motor efficiency at the operating load
	90 %


(i)
Find out the static fan efficiency.

(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 350 mmWC and static fan efficiency will be 59% by damper control method. 

Find out what will be the reduction in power consumption in kW. Assume that the motor efficiency and belt transmission efficiency remains same. As an energy manager/energy auditor, what conclusion you would like to make out from this situation( to be expressed in not more than three lines)  where flow control is to be effected through damper control?


Ans:


i)


	Ambient temperature
	35oC

	Diameter of the discharge air duct
	1 m

	Velocity pressure measured by Pitot tube
	45 mmWC

	Static pressure at fan inlet
	- 20 mmWC

	Static pressure at fan outlet
	188 mmWC

	Power drawn by the motor
	70 kW

	Transmission efficiency
	95%

	Motor efficiency
	90 %

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

	
	0.785 m2

	Pitot tube coefficient
	0.9

	Corrected gas density
	(273 x 1.293) / (273 + 35) = 1.146

	
	1  Mark

	Volume
	 Cp  x  A ( 2 x 9.81 x  ( p  x    (
              (

	
	0.9 x0.785 x Sq rt.(2 x 9.81 x 45 x 1.146)

                          1.146

	
	19.6 m3/s

	
	2  Marks

	Power input to the shaft
	70 x 0.95 x 0.9

	
	59.85 kW

	
	1  Mark

	
	

	

	Fan static Efficiency  
	19.6 x (188 – (-20) 

102  x  59.85

	
	66.78  %

	
	2  Marks


ii)

	New flow
	19.6/2  = 9.8

	Fan shaft Power drawn due to flow reduction to 50 % by damper closing
	9.8 x 350

102 x 0.59

	
	57 kW

	Power drawn by the motor
	57/(0.95 x 0.9) =66.67

	Reduction in power consumption
	(70 – 66.7) =3.3 kW

	
	 2  Marks                 


Conclusion: Although fan flow has been reduced by 50%, but reduction in power consumption is only 3.3 kW, which is only 5% of the initial power drawn. Hence damper control method is an energy inefficient method and hence better energy efficient options of flow control may be explored.

2  Marks
-------- End of Section  - III -----
11/3.3 kV 1000 kVA





Iron loss = 2.1 kW


Copper loss = 12.0 kW





3.3 /0.433 kV,1000kVA














Iron loss = 2.2 kW


Copper loss = 14 kW





600 kW load 
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x   3500   =  2513 Nm3 / hr.
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