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General instructions:

· Please check that this question paper contains 6 printed pages

· Please check that this question paper contains 16 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: 
  SHORT DESCRIPTIVE QUESTIONS

Marks: 10 x 1 = 10

(i)
Answer all Ten questions

(ii) Each question carries One mark

(iii) Answer should not exceed 50 words 

	S-1
	While using pitot tubes for airflow measurement in large ducts, series of traverse readings are recommended.  Why? 

Velocity of air stream is not uniform across the cross section of the duct.  Friction slows the air moving closes to the wall, so the velocity is greater in the center of the duct.  Therefore, average of velocity measurement readings are required


	S-2
	In an air conditioning system analysis which one temperature is sufficient to determine the enthalpy of air?

Wet Bulb Temperature


	S-3
	Installing the capacitor near motor terminals will increase the design power factor of the motor - True / False

False



	S-4
	Between back pressure turbine and condensing turbine which will have more power generation efficiency?

Condensing turbine



	S-5
	The active power consumed by a pure inductive or capacitive load will be zero.  State -True or False.

True



	S-6
	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?

Tube side


	S-7
	What is the power factor for electrical loads having only incandescent lamps?

Unity


	S-8
	In the determination of which boiler losses specific heat of superheated steam is used

Loss due to moisture in air, loss due to hydrogen in fuel, loss due to moisture in fuel

	S-9
	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?

12 metres or the same height


	S-10
	While reducing excess air in a boiler what two parameters should be closely monitored in the exit flue gases ?

CO, O2



-------- End of Section - I ---------

Section - II: 
  LONG DESCRIPTIVE QUESTIONS                  Marks: 2 x 5 = 10


(i)
Answer all Two questions


(ii)
Each question carries Five marks

	L-1
	On the recommendations of energy auditor a company replaced a 15 kW, 6 pole standard motor by a 15 kW, 6 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? 



	Ans.
	In energy efficient motor the slip is less compared to standard motor.  Hence the RPM of energy efficient motor will increase.

Power is proportional to cube of speed for centrifugal fan.  Hence the power consumption will increase



	L-2
	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
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	Answer: No, because the pressure differential across the pump will be same as friction losses are ignored




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

Section - III: 
   Numerical Questions 

    

Marks: 4 x 20 = 80

(i)
Answer all Four questions


(ii)
Each question carries Twenty marks

N-1
In a municipality pumping system, water is pumped from the river to an underground circular sump of 8 metre diametre in the intermediate booster station. Flow measurements were carried out by level difference in the sump. Pump takes 10 minutes to fill 1 metre level of circular sump. Pressure gauges are not available in the pumping system. The discharge pipe is horizontal, 300 mm diametre and 8 km long. Friction factor for the pipe is 0.005. The pump has a negative suction of 2 metre. 

The details of power measurements at motor are:

3 phase voltage: 415 V, line current: 93 A and power factor: 0.89. The efficiency of the Motor is 0.91. 
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As an energy auditor, work out the following:

a) Flow rate of the pump in m3/hr

b) Power drawn by the motor in kW

c) Total head developed by the pump (ignore friction losses in suction piping)

d) Operating efficiency of the pump
	Flow rate of the pump
	∏ x 82   x 60

    4         x 10

	
	302 m3/hr

	
	

	Power drawn by the motor
	√3 x v x I x cos Ǿ

	
	√3 x 0.415 x 93 x 0.89

	
	59.5 kW

	
	

	Total head
	

	Friction head
	4flv2/2gD

	Velocity (flow/cross sectional area of pipe) metre/ second
	(302/3600)/( ∏ x 0.302/4)

	
	1.19 m/s

	Friction head
	4 x 0.005 x 1.192 x 8000

      2 x 9.81 x 0.3

	
	38.5 metres

	
	

	Total head developed by the pump
	38.5 – ( -2)

	
	40.5 m

	Operating efficiency of the pump
	

	Hydraulic power
	(302/3600) x 40.5 x 9.81

	
	33.3 kW

	Pump shaft power
	59.5 x 0.91

	
	54.15 kW

	Pump efficiency
	33.3 /54.15

	
	61.5 %


N-2
An energy auditor undertakes the energy audit of a steam system. The operating data is given as per the schematic diagram given below
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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:

(a)
Feed water temperature to boiler 

(b)
Boiler efficiency by direct method on GCV basis

(c) If the condensate return is enhanced to 5 TPH (steam generation of 7 TPH remaining same) what will be the reduction in coal consumption? 

Answer

i.  Average Feed water temperature at feed water tank:

                                                                        (4000x 94 + 3000x 28)


                                                                   7000

                                                                        =65.7   °C

ii boiler efficiency by direct method on GCV basis

GCV of coal = (9 x 0.04 + 0.035) x 584 + 6269 = 6500 kCal / kg

H = Enthalpy of steam: 186 + 0.95x 478   = 640.1 kCal / kg                                             

Efficiency by direct method = [7000 x (640.1- 65.7 ) x 100]/ [6500 x 840]





     = 73.64 % 

iii reduction in coal consumption if condensate recovery is 5 TPH

Average Feed water temperature at feed water tank:

                                                                        (5000x 94 + 2000x 28)


                                                                     7000

                                                                        =75.14°C

coal consumption if the condensate is 5 TPH

= 7000 x (640.1-75.14) / (0.7364 x 6500) = 826 kg/hr

Reduction in coal consumption = (840-826) =14 kg/hr
N-3  
A waste heat recovery system can be installed in a furnace, which will cost 
Rs. 6,50,000/- to install.  This system is expected to have a useful life of 6 years.  The salvage value will be Rs. 1,00,000/-. The system will reduce the energy cost by Rs. 2,00,000/- per year, when it operates at full capacity. However the plant will be operating at partial capacity for the first 3 years and the annual energy savings will be at 70% of the energy cost savings at full capacity 
(Rs. 1,40,000/-).


The new system will entail a maintenance cost of Rs. 10,000/- per year for the first 3 years and Rs.12,000 per year for the next 3 years. A major overhaul is required in the 3rd year, which will cost Rs 1,00,000/-

a) If discount rate is 9%, calculate the NPV and find out whether this energy conservation measure is profitable

b) What is the profitability index for the project?

Answer

	Year
	Capital investment, Rs
	Maintenance, Rs
	Savings, Rs
	Real Savings, Rs
	Discount factor 9%
	Present Value, Rs 

	0.0
	-650000
	 
	 
	
	1
	-650000

	1.0
	 
	10000
	140000
	130000
	0.917431
	119266.1

	2.0
	 
	10000
	140000
	130000
	0.84168
	109418.4

	3.0
	 
	110000
	140000
	30000
	0.772183
	23165.5

	4.0
	 
	12000
	200000
	188000
	0.708425
	133183.9

	5.0
	 
	12000
	200000
	188000
	0.649931
	122187.1

	6.0
	
	12000
	300000
	288000
	0.596267
	171725

	NPV
	28945.99




	Profitability index
	NPV/Investment

	Profitability index
	0.04453


N-4
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 arrangement.
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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. 250/- 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.

Answer

a) Optimum limit of PF improvement:

Desirable MD= 3940x0.75=2955kVA

Desired PF = 3250x0.90/2955= 0.99

b) Annual MD Charge saving = Rs. 250 x 12 x (3250 – 2955) = Rs. 885000

c) Additional PF capacitors kVARs requirement 

= kW( tan cos inv PF1- tan cos inv PF2)

= 3250x0.9( tan cos inv 0.9- tan cos inv 0.99)

= 2925(tan25.84193276-tan 8.109614456)

=2925(0.484322104-0.142492782)

=2925(0.341829821)

= 1000kVAR

d)  Total capacitor banks                    

= 10 x 3 = 30  

     Total capacitor units  

 

= 30 x 5 = 150 

     Total PF capacitors at the rated ratings

 = 150 x 10 = 1500 kVAr at 415 V

As operating voltage of the capacitors in the existing arrangement is 415/ 1.73 = 239.6 V, the actual operating kVAr of the capacitor unit will reduce from 10 kVAr to 10 x (239.6/415 V)^2  = 3.333 kVAr

Total operating kVAr of the existing installation   

= 3.333 x 150 = 500 kVAr

e) Since in the existing arrangement, single phase voltage of 239.6 V is being supplied, each unit’s capacitors capacity has reduced from 10 kVAr to 3.333 kVAr.  In this case the auditor would recommend modifying the PF connection arrangement, so that each unit is connected between line to line instead of line to neutral.  In this particular modified connection arrangement 415 Voltage would be supplied across each unit and each unit would give its rated value of 10 kVAr.

Total kVAr capacity of existing arrangement would improve from 500 kVAr to 1500 kVAr.  Hence extra 1000 kVAr capacitors capacity would be available for the power factor improvements.
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-------- End of Section - III ---------
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