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General instructions:

o Please check that this question paper contains 65 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

	1. 
	What is the cycle (Hertz) at which AC Power produced in India?

a) 40     b) 50      c) 60      d) 70



	2. 
	What is the common duration of the billing cycle ( in minute)?

a) 15     b) 30     c) 50     d) 60



	3. 
	What is the unit power consumption by  water heater in 2 hours if current drawn by water heater is 6 amps with 250 volts.

a) 1        b) 2            c)  3           d) 4 



	4. 
	Diversity factor will be always

a) Equal to 1     b) Less than 1     c ) More than 1     d) None of the above



	5. 
	The frequency of 7th  Harmonics is 

a) 150        b) 250          c) 350          d)  750      

	6. 
	What type of power is supplied in  Synchronous Motor?

a) AC power to Stator only      b) AC power to both Stator and Rotor

c) DC power to Rotor and  AC power to Stator
d) AC power to Stator  and DC power to Rotor



	7. 
	Which one of the following is more efficient one

a) Slip ring motor      b) Squirrel cage Induction motor       c) DC Motor

d)  Synchronous Motor



	8. 
	What is the energy saving potential if efficiency of motor is improved from 90 to 96% ?

a) 4.9%        b) 5.9%           c) 6.9%        d) 7.9%



	9. 
	What is the tolerance given for Input  supply voltage as per BIS Standards?

a)   (  3%      b)  ( 4%       c) (  5%       d)  ( 6%


	10. 
	What is the % of  loading of motor if 10 KW Rated, 3 Phase Induction motor drawn 10 KW at 0.8 PF

a) 75%          b) 80%        c) 90%          d) 100%



	11. 
	Which of the following is a positive  displacement compressor?

a) Multi stage axial

b) Single stage radial

c) Single stage reciprocating

d)  Multi stage radial

	12. 
	Which of the following compressor requires  valves for operation?

a) Axial

b) Radial

c) Screw

d)  Reciprocating

	13. 
	Isothermal power does not depend on which of the following

a) Intake pressure

b) FAD

c) Compression ratio

d) Inlet temperature

	14. 
	The inlet air temperature to a compressor is 38oC.  At which of the following II stage inlet temperatures the compressor will consume least power 

a) 73oC

b) 62 oC   

c) 59oC

d) 48oC

	15. 
	At which of the following pressures , the compressor will consume maximum power

a) 2  bar

b) 2.5 kg/cm2
c) 100 psi

d) 500 kpa



	16. 
	In a compressor leak test if the load time 3 minutes and  unload time is 6 minutes then the leakage in the system is

a) 50%

b) 30%

c) 33%

d)  27%

	17. 
	Vacuum is required for operating which of the system?

a) Vapour compression system

b) Vapour absorption system

c) Both (a)  &  (b)

d) Neither (a) nor (b)

	18. 
	Which of the following refrigerant has a zero ozone depleting potential

a) HCFC 22

b) HCFC 123

c) HCFC 124

d) HFC 134a

	19. 
	Which of the following best describe the coefficient of performance of a vapour absorption system?

a) 4

b) 11

c) 0.65

d) 1.5

	20. 
	An increase in evaporation temperature will

a) Increase power consumption

b) Decrease power consumption

c) Decrease  COP

d) None of the above



	21. 
	Which of the following will have maximum efficiency when operating at full load?

a) Centrifugal

b) Screw 

c) Water cooled reciprocating

d) Air cooled reciprocating

	22. 
	For cooling chilled water to 10oC which of the refrigerant temperature will have the least power drawn?

a) - 5 oC

b) + 5 oC

c) -  10oC

d) + 10oC



	23. 
	Which of the following will increase compressors power consumption?

a) Scaled evaporator

b) Scaled condenser

c) Both (a) and (b ) 

d) None of the above

	24. 
	In which of the following fans air enters and leaves the fan with no change in direction

a) Forward curved  b) Backward curved c) Radial  d) Propeller

	25. 
	Guide vanes are provided in which of the following fans

a) Tube axial b) Vane axial c) Propeller  d) None of the above

	26. 
	In a fan system, the system resistance refers to 

a) Static pressure b) Dynamic pressure c) Total pressure  d) None of the above

	27. 
	A decrease in excess air for boiler would result in reduction of

a) Flow  b) Static pressure c) Power  d) All of the above

	28. 
	Dampers are provided in the fan systems to

a) Increase static pressure  b) Decrease static pressure c) Increase flow d) Decrease flow

	29. 
	In a fan system the flow requirements are constant for 90 % of the time and varies for 10 % of the time. The ideal flow control for this would be

a) Damper b) Variable speed drive c) Pulley diameter change d) Impeller change

	30. 
	The power drawn by a pump depends on 

a) Pressure  b) Flow   c) Fluid density  d) All of the above

	31. 
	The friction head varies as

a) Square of velocity   b) Square root of flow   c) Velocity d) Cube of flow

	32. 
	The system resistance for a flow is 28 m. The following four pumps can deliver the same flow  at pressures given below. Which pump will draw the least power ?

a) 32 m  b) 47m  c) 51 m  d) 62 m

	33. 
	For the same flow through which of the following diameter pipes, the pump will work with maximum pressure

a) 100 mm     b) 150 mm    c) 200 mm  d) 250 mm

	34. 
	Throttling in a pumping system from the best efficiency point will

a) reduce flow   b) reduce efficiency  c) increase dynamic head  d) all of the above

	35. 
	There are four pumps with the same friction head. For different static heads as shown below, the variable speed drive will be most economical for which of the application

a) 20 m    b) 25 m  c)  30 m   d) 0 m


	36. 
	1oC drop in cooling water temperature can give the heat saving in thermal plant is 

 a) 0.5    kCal/kwh       b) 1.5   kCal/kwh             c)  2.5      kCal/kwh
 d) 5    kCal/kwh



	37. 
	What is the   blow down ratio if   COC is 7 and evaporation  loss is 1% of circulating flow of water?

a) 1/6       b) 1/8         c) ¼            d) 1/7



	38. 
	In cooling tower terminology, COC refers to

a) Cycle of  condensation   b) Cooling of  condensate

c) Cycle of concentration   d) cooling of  cold water circulation



	39. 
	Control gear is mainly used for

a) Reduces the current                     b) Decreases the voltage

c)  Aids for starting purpose           d) None of  the above



	40. 
	What is the average lux level recommended for non-working interiors ?

a)  10        b) 20          c) 30         d) 50



	41. 
	The device used for measuring lighting level is 

a) lumen meter       b) lux meter     c) Illuminants meter d) light meter



	42. 
	What is the  energy consumption  ( watt per lamp) of LED lamps used for instrument panel indicator in the plant.

a)  1           b) 2         c) 5       d) 15



	43. 
	Diesel Engine is normally  over designed for power rating of DG sets.

a) 10 - 20%

b) 20 – 30%

c) 30 – 40%

d) 40 – 50%

	44. 
	The starting current value should not exceed the----% of full load capacity of alternator

a) 110%

b) 120%

c) 150%

d) 200%

	45. 
	The  % derating  for air intake cooling water inlet temperature at 40oC   is

a) 0%

b) 3%

c) 5%

d) 8%

	46. 
	Use of thinner gauge low loss core steel reduces

a) Iron losses  b) Stator Losses   c) Rotor Losses d) Friction and windage losses

	47. 
	Which of these is not a starter

a) DOL    b) Star delta   c) Soft starter  d) Eddy current drive

	48. 
	A typical variable frequency drive will have an efficiency of 

a) 100 %   b) 95 %  c) 80 %  d) depends on the type of driven equipment

	49. 
	In a fluid coupling 

a) motor speed is changed  b) Driven equipment speed is changed c) both motor and driven equipment are changed  d) None of the above

	50. 
	The electronic ballast delivers power to the lamp at

a) 50 Hz   b) 25 kHz  c) 25 Hz   d) 25 mHz


Section - II: SHORT DESCRIPTIVE QUESTIONS                     Marks: 10 x 5 = 50

(i) Answer all Ten questions

(ii) Each question carries Five marks
	1
	Explain briefly various components of electricity billing.

The tariff structure generally includes the following components:

a) Maximum demand Charges

These charges relate to maximum demand registered during month/billing period and corresponding rate of utility.

b) Energy Charges

These charges relate to energy (kilowatt hours) consumed during month / billing period and corresponding rates, often levied in slabs of use rates.  Some utilities now charge on the basis of apparent energy (kVAh), which is a vector sum of kWh and kVArh.

c) Power factor penalty or bonus rates, as levied by most utilities, are to contain reactive power drawn from grid.

d) Fuel cost adjustment charges as levied by some utilities are to adjust the increasing fuel expenses over a base reference value.

e) Electricity duty charges levied w.r.t units consumed.

f) Meter rentals       f)    Lighting and fan power consumption is often at higher rates, levied sometimes on slab basis                 on slab  actual metering basis.

g) Time Of Day (TOD) rates like peak and non-peak hours are also prevalent in tariff structure provisions of some utilities.

h) Penalty for exceeding contract demand
      i)  Surcharge if metering is at LT side in some of the utilities


	2
	How cost can be reduced or saved through implementing  PF Improvement by adding capacitor?

Cost is reduced by the following ways
a) Reduced kVA (Maximum demand) charges in utility bill

b) Reduced distribution losses (KWH) within the plant network

c) Better voltage at motor terminals and improved performance of motors

d) A high power factor eliminates penalty charges imposed when operating with a low power factor
e) Investment on system facilities such as transformers, cables, switchgears etc for delivering load is reduced.



	3
	What are the recommendations to be given after conducting motor survey?

The following  recommendations can be suggested after analyzing of motor loading survey:

· Identify motors with less than 50 % loading, 50 – 75 % loading, 75 – 100 % loading, over 100 % loading.

· Identify motors with low voltage / power factor / voltage imbalance for needed improvement measures.

· Identify motors with machine side losses / inefficiencies like idle operations, throttling / damper operations for avenues like automatic controls / interlocks, variable speed drives, etc.

· For motor less than 40% load

· Conversion to star mode if  load is constant.

· Installation of star-delta change device if load varies some times.

· Replace with smaller size motors.

Reduce the load on 100% loaded motors or replace with higher size motors.



	4
	Isothermal efficiency of a compressor is 63 %.  Intake pressure is 1.03 kg/cm2 (a).  The rated flow is 340 m3/hr.  Find out the compressor delivery pressure, if the shaft power drawn is 25 kw at 5.2 kg/cm2(g).

FAD

340 m3/hr

Intake pressure

1.03 kg/cm2a

Isothermal efficency

0.63

0.63 = [1.03 x 340 x ln(P2/1.03) /36.7)]/25

P2

 5.15 kg/cm2a

Delivery pressure

4.12 kg/cm2


	5
	The COP a vapour compression system is 3.5.  If the motor drawn a power of 10.8 kW. At 90% motor efficiency  find out the tonnage of refrigeration system.

Power input to compressor

0.9 x 10.8

9.72 kW

Cooling effect

9.72 x 3.5

34 kW

29,240 kcals/hr

Refrigeration tonnes

29,240/ 3024

9.7 Tonnes



	6
	What are the various methods available for increasing the air flow of an existing fan and explain any one method.

Various ways to achieve change in flow are: pulley change, damper control, inlet guide vane control, variable speed drive and series and parallel operation of fans.

Inlet Guide Vanes

Inlet guide vanes are another mechanism that can be used to meet variable air demand (see Figure). Guide vanes are curved sections that lay against the inlet of the fan when they are open. When they are closed, they extend out into the air stream. As they are closed, guide vanes pre-swirl the air entering the fan housing. This changes the angle at which the air is presented to the fan blades, which, in turn, changes the characteristics of the fan curve. Guide vanes are energy efficient for modest flow reductions – from 100 percent flow to about 80 percent. Below 80 percent flow, energy efficiency drops sharply.
     Axial-flow fans can be equipped with variable pitch blades, which can be hydraulically or pneumatically controlled to change blade pitch, while the fan is at stationary. Variable-pitch blades modify the fan characteristics substantially and thereby provide dramatically higher energy efficiency than the other options discussed thus far.

	7
	A system has a static head of 45 meters and friction head of 10 m. The pump is operating at 1440 RPM. For reducing the flow the speed is reduced 1100 RPM. What is likely to happen as a result of this ?

Head developed at 1200 RPM                   -  H2/55 =(1440/1100)2

New head H2                                             -  42 m

This head will be insufficient to overcome the static head and hence no flow will occur in the system

	8
	Find out the blow down rate from the following data.  Cooling Water Flow Rate is 500 m3/hr.  The operating range is 8oC, The TDS concentration in circulating water is 1800 ppm. And TDS in make up water is 300 ppm.

COC    = TDS in circulating water / TDS in feed water

             = 1800/300 = 6

Evaporation Loss  = 0.00085 x 1.8 x 500 x 8   = 6.12

Blow down loss     = Evaporation loss/(COC-1)

                               =  6.12 / (6-1)  = 1.224 m3/hr  


	9
	What are the various components  luminaire and explain it functions?

Luminaire 
Luminaire is a device that distributes, filters or transforms the light emitted from one or more lamps. The luminaire includes, all the parts necessary for fixing and protecting the lamps, except the lamps themselves. In some cases, luminaires also include the necessary circuit auxiliaries, together with the means for connecting them to the electric supply. The basic physical principles used in optical luminaire are reflection, absorption, transmission and refraction.

Control Gear

The gears used in the lighting equipment are as follows: 

· Ballast: 

A current limiting device, to counter negative resistance characteristics of any discharge lamps. In case of fluorescent lamps, it aids the initial voltage build-up, required for starting.

· Ignitors: 

These are used for starting high intensity Metal Halide and Sodium vapour lamps.


	10
	What is the role of a ballast in a fluorescent tube light

In an electric circuit the ballast acts as a stabilizer. Fluorescent lamp is an electric discharge lamp. The two electrodes are separated inside a tube with no apparent connection between them. When sufficient voltage is impressed on these electrodes, electrons are driven from one electrode and attracted to the other. The current flow takes place through an atmosphere of low-pressure mercury vapour.

Since the fluorescent lamps cannot produce light by direct connection to the power source, they need an ancillary circuit and device to get started and remain illuminated. The auxillary circuit housed in a casing is known as ballast.




Section - III: LONG DESCRIPTIVE QUESTIONS                      Marks: 5 x 10 = 50

(i) Answer all Five questions

(ii) Each question carries Ten marks
	1
	Describe the functions of the following components of compressed air system: Intake Air Filters, Inter-stage Coolers, After Coolers, Air-dryers, Moisture Drain Traps and Receivers

· Intake Air Filters: Prevent dust from entering compressor; Dust causes sticking valves, scoured cylinders, excessive wear etc.

· Inter-stage Coolers: Reduce the temperature of the air before it enters the next stage to reduce the work of compression and increase efficiency. They are normally water-cooled.

· After Coolers: The objective is to remove the moisture in the air by reducing the temperature in a water-cooled heat exchanger.

· Air-dryers: The remaining traces of moisture after after-cooler are removed using air dryers, as air for instrument and pneumatic equipment has to be relatively free of any moisture. The moisture is removed by using adsorbents like silica gel /activated carbon, or refrigerant dryers, or heat of compression dryers.

· Moisture Drain Traps: Moisture drain traps are used for removal of moisture in the compressed air. These traps resemble steam traps. Various types of traps used are manual drain cocks, timer based / automatic drain valves etc. 

· Receivers: Air receivers are provided as storage and smoothening pulsating air output - reducing pressure variations from the compressor.
· 

	2
	Explain how velocity is measured by pitot tube and explain the significance of traverse points

The Figure below shows how velocity pressure is measured using a pitot tube and a manometer. Total pressure is measured using the inner tube of pitot tube and static pressure is measured using the outer tube of pitot tube. When the inner and outer tube ends are connected to a manometer, we get the velocity pressure. For measuring low velocities, it is preferable to use an inclined tube manometer instead of U tube manometer.
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The velocity pressure varies across the duct. Friction slows the air near the duct walls, so the velocity is greater in the center of the duct. The velocity is affected by changes in the ducting configuration such as bends and curves. To determine the average velocity, it is necessary to take a number of velocity pressure readings across the cross-section of the duct. The velocity should be calculated for each velocity pressure reading, and the average of the velocities should be used. So the duct is to be divided into equal concentric areas and readings should be taken at each of these points.

	3
	The flow rate with two pumps running in a system with static and friction head is not double that of a single pump: Explain                                                          
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The system curve is usually not affected by the number of pumps that are running. For a system with a combination of static and friction head loss, it can be seen, in Figure, that the operating point of the pumps on their performance curves moves to a higher head and hence lower flow rate per pump, as more pumps are started. It is also apparent that the flow rate with two pumps running is not double that of a single pump. If the system head were only static, then flow rate would be proportional to the number of pumps operating.                                   

	4
	Describe ten good practices in lighting system

Answer :

Installation of High Pressure Sodium Vapour (HPSV) lamps for applications where colour rendering is not critical.
High pressure sodium vapour (HPSV) lamps offer more efficacy. But the colour rendering property of HPSV is very low. Hence, it is recommended to install HPSV lamps for applications such street lighting, yard lighting, etc.

Installation of LED panel indicator lamps in place of filament lamps.

Panel indicator lamps are used widely in industries for monitoring, fault indication, signaling, etc. Conventionally filament lamps are used for the purpose, which has got the following disadvantages:

· High energy consumption (15 W/lamp) 

· Failure of lamps is high (Operating life less than 10,000 hours) 

The LEDs have the following merits over the filament lamps.

· Lesser power consumption (Less than 1 W/lamp)

· Withstand high voltage fluctuation in the power supply. 

· Longer operating life (more than 1,00,000 hours) 

It is recommended to install LEDs for panel indicator lamps at the design stage.

 Light distribution

Energy efficiency cannot be obtained by mere selection of more efficient lamps alone. Efficient luminaires along with the lamp of high efficacy achieve the optimum efficiency. Mirror-optic luminaires with a high output ratio and bat-wing light distribution can save energy. 

For achieving better efficiency, luminaires that are having light distribution characteristics appropriate for the task interior should be selected. The luminaires fitted with a lamp should ensure that discomfort glare and veiling reflections are minimised. 

Light Control

The simplest and the most widely used form of controlling a lighting installation is   "On-Off" switch. The initial investment for this set up is extremely low, but the resulting operational costs may be high. This does not provide the flexibility to control the lighting, where it is not required.

Hence, a flexible lighting system has to be provided, which will offer switch-off or reduction in lighting level, when not needed. The following light control systems can be adopted at design stage:

 Grouping of lighting system, to provide greater flexibility in lighting control 

 Installation of microprocessor based controllers
 Optimum usage of daylighting 

Whenever the orientation of a building permits, day lighting can be used in combination with electric lighting. 

Installation of "exclusive" transformer for lighting
Most of the problems faced by the lighting equipment and the "gears" is due to the "voltage" fluctuations. Hence, the lighting equipment has to be isolated from the power feeders. This provides a better voltage regulation for the lighting. 

 Installation of servo stabilizer for lighting feeder
This will provide stabilized voltage for the lighting equipment. The performance of "gears" such as chokes, ballasts, will also improved due to the stabilized voltage. In many plants, during the non-peaking hours, the voltage levels are on the higher side. During this period, voltage can be optimised, without any significant drop in the illumination level. 

 Installation of high frequency (HF) electronic ballasts in place of conventional ballasts
New high frequency (28-32 kHz) electronic ballasts have the following advantages over the traditional magnetic ballasts:

Energy savings up to 35% 

Less heat dissipation, which reduces the air conditioning load 

	5
	Describe the voltage control and kVAr control used in automatic power factor controllers

Voltage Control

Voltage alone can be used as a source of intelligence when the switched capacitors are applied at point where the circuit voltage decreases as circuit load increases. Generally, where they are applied the voltage should decrease as circuit load increases and the drop in voltage should be around 4 – 5 % with increasing load.

Voltage is the most common type of intelligence used in substation applications, when maintaining a particular voltage is of prime importance. This type of control is independent of load cycle. During light load time and low source voltage, this may give leading PF at the substation, which is to be taken note of.

KILOVAR Control

Kilovar sensitive controls  are used at locations where the voltage level is closely regulated and not available as a control variable. The capacitors can be switched to respond to a decreasing power factor as a result of change in system loading. This type of control can also be used to avoid penalty on low power factor by adding capacitors in steps as the system power factor begins to lag behind the desired value. Kilovar control requires two inputs - current and voltage from the incoming feeder, which are fed to the PF correction mechanism, either the microprocessor or the relay.

 





Velocity Measurement Using Pitot Tube
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