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General instructions:

o Please check that this question paper contains 16 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

o Open Book Examination
Section – I: Short Questions                                                     Marks: 10 x 1 = 10

(i) Answer all Ten questions

(ii) Each question carries One mark
	1
	How boiler rated capacity is specified?



	2
	What are the components of surface heat loss in the furnaces and its dependent factors affecting loss?



	3
	How Efficiency and Power Factor varies in motors with VSD Drives.



	4
	What are the three reasons for poor fan performance in the field?



	5
	How do you determine system resistance for a pump?



	6
	What are the measuring instruments required for a compressed air delivery test by nozzle method ?



	7
	A refrigeration plant operating at 600 T is consuming 564 kW of compressor power. Find out the kW/ton, COP and EER



	8
	What is Lamp Circuit Efficacy?  



	9
	 What is the capacity factor of wind turbine. 



	10
	Name four type of wastage due to poorhouse keeping?




Section - II: Long Questions                                                       Marks: 2 x 5 = 10

(i) Answer all Two questions

(ii) Each question carries Five marks
	1
	Compare the advantage of biogas generation over the direct burning of 25 kg  biomass?



	2
	What are the  Factors Affecting Furnace Performance ?




Section - III: Numerical Questions                                            Marks: 4 x 20 = 80

(i) Answer all Four questions

(ii) Each question carries Twenty marks
	1
	A Boiler Efficiency trial was conducted in an Furnace Oil fired process boiler during Energy Audit Study and the following data were collected.

Boiler Data :

Boiler Rated Capacity                          = 10 TPH (F&A 100oC)

Rated Boiler Efficiency                        = 84%

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

Feed water Temperature                       = 45oC

Fuel Oil Data :

Furnace Oil Consumption                    = 600 litre per hour

GCV of  Oil                                          = 10200 Kcal/kg

Specific gravity of oil                           = 0.92

% Carbon                                              = 84%

% Hydrogen                                          = 12%

% Sulphur                                             =   3%

% Oxygen                                             = Nil

% Nitrogen                                           = 1%

Flue Gas Data :  

% O2 in Flue Gas                                   = 5.5% by volume

CO                                                       = Nil

Flue Gas Temperature                         = 240oC

Specific Heat of Flue Gas                    = 0.24

Moisture at Ambient air                      = 0.03 kg/kg of air

Ambient air temperature                      = 40oC

Determine the boiler efficiency by indirect method by assuming 2% boiler surface heat loss.  Also find out the fuel oil saving in litre per hour, if efficiency of boiler was improved to Rated efficiency.



	2
	A process plant requires 28 tonnes of steam per hour. The power requirement is 2250 kW. The plant operates for 8000 hours per annum. 

Steam is generated at 2 bar in a coal fired boiler with an efficiency of 75% The feed water temperature is 80OC. The calorific value of coal is 4000 kcal/kg. The cost of coal is Rs.2000/tonne.

Power is drawn from the grid at Rs. 4/kWh. The contract demand is 3000 kVA and the company is charged for 100 % of the contract demand at Rs. 300/kVA.

The company is planning for a back pressure cogeneration plant using the same coal with the following parameters. The power and steam demand were fully met by the cogeneration plant.

Boiler generation pressure                - 18 bar, 310OC

Boiler efficiency                               -  81 %

A contract demand of 1000 kVA with the grid was kept for emergency purpose.

Investment required                          - Rs. 20 crores

Generated power                              = 2250 kW  

Find out the IRR over a project life cycle of 6 years.



	3
	A centrifugal pump at base of cooling tower pumps 120 m3/hr at pressure 2.1 kg/cm2. The cooling tower range was measured to be 4oC. What is the power input at the motor? (Efficiency of pump is 65% and motor efficiency is 82%).

Pump is throttled such that cooling tower range was 6oC. What is the new flow rate under throttled conditions? (Pressure drop across the throttle valve is 0.5 kg/cm2).

If instead of throttling, the existing impeller is replaced with a new impeller at a cost of Rs.25000/- find the operating point and differential savings vis-à-vis throttling case considering 8760 operating hours and unit cost of Rs.4/- (assume pump efficiency of 63% and motor efficiency of 82%) 



	4
	In an air conditioning system, the air flow rate is 80,000 m3/hr at a density of 1.2 kg/m3.. The inlet and outlet enthalpies of air at  Air Handling Unit is 105 kJ/kg and 79 kJ/kg. The COP of the system is 3.82. It is proposed to replace it with a vapour absorption system at a cost of Rs. 50 lacs with an annual maintenance cost of Rs.4 lacs.. The steam consumption will be 4.5 kg/hr/TR. The steam is to be  generated by a coal fired boiler with an evaporation ratio of 4.5. The energy electrical energy cost is Rs.4 per kWh and the system operates for 8000 hrs per annum. The cost of coal is Rs.2000/tonne. Find out the payback period for the investment.
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