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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

	
	Objective Type

	1. 
	What is the overall efficiency of thermal power plant in India?

a) 22-27%    b) 28-35%      c) 35-40%      d) 40-45%



	2. 
	What is the accuracy level (class ) of electronic meters provided by  Electrical utility?

a) 0.1     b) 0.2      c) 0.3      d) 0.4  

	3. 
	Rating of Capacitors for motor should be

a) Equal to No load magnetizing KVAR

b)   Less than  No load magnetizing KVAR      

a) More than  No load magnetizing KVAR       

d) None  of  the above.        

	4. 
	A 200 KVAR capacitors rated at 230V is connected in the sub-station. What is the % reduction of KVAR capacitor if actual operating voltage is 210V.

a) 16.6        b) 20.6       c)  25.6          d) 30.6

 

	5. 
	During induction motor operation, Magnetic field is established in

a) Stator winding only                     b) Rotor winding only

c) Stator and Rotor Windings          d) None of the above



	6. 
	Three phase Induction motor has following number of windings in the stator

a) One winding     b) Three windings      c) Four windings

d) Six windings



	7. 
	What is the speed of 4-pole Induction motor if   frequency is 60  cycles 

a) 1500      b) 1800       c) 3600         d) 1000

	8. 
	Which are the two important attributes for Electrical Efficiency of  AC Induction motors.

a) Voltage and Current                      b) Hertz and THD

c) Efficiency and Resistance             d) Efficiency and Power Factor


	9. 
	Stray losses is generally proportional to 

a) Square of the Rotor current                        b) Square of the Stator Current

c) Square of the Rotor and Stator Current      d) None of the above



	10. 
	What is the % of full load slip of  motor if  shaft speed of 4 pole motor is 1450?

a)  2.33       b)  3.33         c)  4.33          d) 5.33

	11. 
	What is the typical % of loss accounted due to core loss in the overall motor losses?

a) 10-15%      b) 20-25%       c) 35 - 40%      d) 45-50%



	12. 
	The characteristic of a positive displacement compressor for a given speed is

a) Temperature remains constant

b) Flow output remains constant

c) Pressure remains constant

d)   Compression ratio remains constant

	13. 
	Which of the following is not suitable to obtain a pressure of 3 bar?

a) Single stage reciprocating

b) Multistage reciprocating

c) Lobe compressor

d) Centrifugal compressor



	14. 
	The flow output of which of the following changes with pressure

a) Centrifugal compressor

b) Screw compressor

c) Reciprocating compressor

d)  Lobe compressor

	15. 
	Which of the following is not true of air receivers?

a) Smoothen pulsating air output

b) Storage of large volumes of air

c) A source for draining moisture

d)  Increases the pressure of air

	16. 
	The loading and unloading of a reciprocating compressor is carried out based on

a) Pressure

b) Volume

c) Temperature

d)  Moisture content

	17. 
	Perfect cooling refers to

a) First and second stage inlet an temperature are same

b) Complete pick up of heat by lube oil

c) Inlet and outlet temperatures of  air are same

d)  Compressed air room temperature same as ambient temperature

	18. 
	At which of the dew point temperature, air will have least moisture content

a) –10oC

b) –20oC

c) +30oC

d)  –40oC

	19. 
	For sub zero  applications the secondary coolant normally used is:

a) Chilled water

b) Brine

c) Lithium Bromide

d) Ammonia

	20. 
	The pressure of refrigerant in vapour compression system  changes in

a) Compressor

b) Expansion valve

c) Evaporation

d)   Both (a)  &  (b)

	21. 
	Which of the following is used as an absorbent in a vapour absorption system?

a) Water

b) Lithium

c) Bromine

d) Lithium Bromide

	22. 
	Hermetic system are used in

a) Domestic refrigerators

b) Centrifugal chillers

c) Screw chillers

d) Large reciprocating chillers



	23. 
	Variable speed drives for capacity control can be used with 

a) Centrifugal

b) Screw

c) Reciprocating

d) All of the above

	24. 
	The COP is a function of 

a) Evaporation temperature

b) Condenser temperature

c) Both (a)  &  (b)

d) None of the above

	25. 
	Which of the following can be used as refrigeration both in vapour compressor and vapour absorption system

a) Ammonia 

b) R – 11

c) R-12

d) Lithium Bromide

	26. 
	At which of the following condenser temperatures, the power consumption will be least:

a) 31oC

b) 28 oC

c) 27 oC

d) 23 oC

	27. 
	Which of the following fans are suitable to handle dust laden and high temperature gases

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

	28. 
	The fan characteristic curve is a plot of

a) Static pressure vs flow   b) Dynamic pressure vs flow c) Total pressure vs flow  d) Suction pressure vs flow

	29. 
	A fan is drawing 16 kW at 800 RPM. If the speed is reduced to 600 RPM then the power drawn by the fan would be

a) 32 kW  b) 21.3 kW c) 12 kW  d) 6.75 kW

	30. 
	The pressure developed by a centrifugal fan depends on

a) hub-to-tip ratio  b) tip angles c) blade width  d) all of the above

	31. 
	Which of the following can change the fan characteristic curves

a) Inlet damper  b) Outlet damper c) Inlet guide vane d) None of the above

	32. 
	In series operation of identical fans

a) Flow doubles b) Static pressure doubles c) Static pressure goes up by four times d) Flow goes up by four times

	33. 
	In a centrifugal pump the velocity energy is converted to pressure by

a) Impeller   b) Casing   c) Throttle valve  d) Diffuser

	34. 
	The energy savings with variable speed drives will be maximum for which of the following systems

a) Pure static head  b) Pure friction head  c) High static head and low friction head d) Low static head with high friction head

	35. 
	Two agricultural pumps with open discharge are operating in parallel one with a delivery of 20 m3/hr and the other with a delivery of  30 m3/hr. The combined flow rate would be

a) 50 m3/hr  b) 33 m3/hr  c) 60 m3/hr  d) cannot be determined from the given data

	36. 
	In a system the static head is 10 m and the friction head is 25 m. The pump has to deliver a pressure of

a) 10 m   b) 25 m   c) 35 m   d) more than 35 m

	37. 
	Higher the COC in cooling tower , the blow down quantity will

a) increases     b) decreases      c) No change     d) None of the above



	38. 
	The type of Fan used for forced draft cooling tower is

a) Centrifugal fan      b)  Axial fan    c) Both centrifugal & axial fan

d) Propeller fan



	39. 
	Allowed drift loss in the cooling tower is

a) 2.0%       b) 0.2%       c) 0.02%        d) 0.002%



	40. 
	Luminaire is a  device which 

a) Produces light         b)  Distributes light        c) filter the light

d) Distributes, filters or transforms the light emitted from lamps  



	41. 
	The unit of  one lux is

a) 1000 lumen per square feet          b) 10 lumen per square meter

c) One  lumen per square meter         d)  1 lumen per square feet



	42. 
	Which of the following lamps has poor colour rendering index

a)  CFL           b) HPMV       c) FTL    d) Incandescent



	43. 
	Which of the following lamp has the highest efficacy?

a) metal halide     b) halogen lamps     c) HPMV   d) HPSV  


	44. 
	How many revolutions take place for every power stroke in a single cylinder 4 strokes engine?

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

	45. 
	The capacity of largest motor that can be started in the given DG set is 

a) 25%

b) 50%  KVA rating of DG set

c) 75%

d) 100%

	46. 
	The maximum unbalanced load between phase should not exceed ------% of capacity of DG sets.

a) 10%

b) 15%

c) 20%

d) 25%



	47. 
	The inputs required for an automatic power factor controller using kVAR control 

a) Current   b) Voltage   c) Capacitance  d) Both a and b

	48. 
	A soft starter reduces 

a) Starting time  b) Starting current  c) Starting power  d) Full load power 

	49. 
	In a variable torque load the torque is proportional to

a) Cube of speed  b) Square of speed c) Square root of speed d) Speed

	50. 
	Harmonics are generated by 

a) variable frequency drive  b) Fluid coupling   c) Eddy current drive  d) Energy efficient motors


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

(i) Answer all Ten questions

(ii) Each question carries Five marks
	1
	What are the various voltage level at which power is transmitted and distributed and why?  How high voltage transmission helps for energy efficiency?

The power plants typically produce 50 cycle/second (Hertz), alternating-current (AC) electricity with voltages between 11kV and 33kV.

High voltage (HV) and extra high voltage (EHV) transmission is the next stage from power plant to transport A.C. power over long distances at voltages like; 220 kV & 400 kV.  Where transmission is over 1000 kM, high voltage direct current transmission is also favoured to minimize the losses. 

Sub-transmission network at 132 kV, 110 kV, 66 kV or 33 kV constitutes the next link towards the end user.  Distribution at 11 kV / 6.6 kV / 3.3 kV constitutes the last link to the consumer, who is connected directly or through transformers depending upon the drawn level of service.

Higher voltage transmission and distribution thus would help to minimize line voltage drop in the ratio of voltages, and the line power loss in the ratio of square of voltages.  For instance, if distribution of power is raised from 11 kV to 33 kV, the voltage drop would be lower by a factor 1/3 and the line loss would be lower by a factor (1/3)2 i.e., 1/9.  

	2
	The Avg. PF of an engineering industry is 0.8 with electrical load of 400 KW.  Determine the KVAR required if PF is improved to 0.9 to avoid PF penalty and MD reduction

Cos Φ1     = 0.8                                          Φ1   = Cos–1 (.8)    = 36.869     

Cos  Φ2   = 0.95                                         Φ2    = Cos-1(.90)  = 25.841

tan  36.869                 =  0.749

tan  25.841                 =  0.484

KVAR Required        =  400 (tan Φ1 – tan Φ2  )

                                   = 400 (0.749-0.484)

                                   = 106 KVAR

Present maximum demand, KVA  =        KW           400

                                                                --------   =  --------        = 500 KVA

                                                                 PF                .85                            

Improved KVA                              =      400

                                                              --------     =  444                                                                            

                                                                 .9

MD Reduction                                = 500-444

                                                        =  56 KVA    



	3
	What are the various losses in motor and  briefly explain its causes?

Answer :

Motor  losses are of two types: fixed losses- independent of motor load, and variable losses - dependent on load.  

Fixed losses consist of magnetic core losses and friction and windage losses.  Magnetic core losses consist of eddy current and hysteresis losses in the stator. They vary with the core material and geometry and with input voltage. 

Friction and windage losses are caused by friction in the bearings of the motor and aerodynamic losses associated with the ventilation fan and other rotating parts.  

Variable losses consist of resistance losses in the stator and in the rotor and miscellaneous stray losses. Resistance to current flow in the stator and rotor result in heat generation that is proportional to the resistance of the material and the square of the current (I2R).  Stray losses arise from a variety of sources and are difficult to either measure directly or to calculate, but are generally proportional to the square of the rotor current.



	4
	What is under-loading of  motor?  What are the four causes for under-loading of  motors?  Mention the possible measures to overcome the under-loading 

If the operating load is less than rated output  then it  is called under loading motor.

A common reason for under-loading is selection of a larger motor to enable the output to be maintained at the desired level even when input voltages are abnormally low.  Under-loading also results from selecting a large motor for an application requiring high starting torque where a special motor, designed for high torque, would have been suitable.

For motors, which consistently operate at loads below 40 % 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.

The replacement of motors operating at 60 – 70 % of capacity or higher is generally not recommended.  

For applications with high initial torque and low running torque needs, Del-Star starters are also available in market, which help in load following de-rating of electric motors after initial start-up.



	5
	Find out a  volumetric efficiency of a single acting compressor if free air delivered in 176 cfm  and  Bore dia = 30 cm, stroke length 40 cm and speed in 200 rpm.

FAD

176 cfm

300 m3/hr

5 m3/min

Bore dia

30 cm

Stroke length

40 cm

49 kW

( x D2 x  L x S x ( x n

4

5.65 m3/min
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Free air delivered m/min

Volumetric efficiency=

Compressor displacement


(5/5.65) x 100

88.5 %



	6
	A process fluid at 23m3/hr. is  flowing in a heat exchanger and is to be cooled from 30oC  to 25oC.  The fluid specific heat is 0.78 kCal/kg.  Find out the chilled water flow rate if the chilled water range  across the evaporation is 3oC.

Heat duty of process fluid

23,000 x 0.78 x 5

89,700 Kcal/hr

Chilled water flow rate

89,700/ 3

29.9 m3/hr



	7
	Explain with a sketch how the system characteristic changes with increase in system resistance for a fan system.

The term “system resistance” is used when referring to the static pressure. The system resistance is the sum of static pressure losses in the system. The system resistance is a function of the configuration of ducts, pickups,   elbows   and   the   pressure  drops across 
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equipment-for example bagfilter or cyclone. The system resistance varies with the square of the volume of air flowing through the system. For a given volume of air, the fan in a system with narrow ducts and multiple short radius elbows is going to have to work harder to overcome a greater system resistance than it would in a system with larger ducts and a minimum number of long radius turns. Long narrow ducts with many bends and twists will require more energy to pull the air through them. Consequently, for a given fan speed, the fan will be able to pull less air through this system than through a short system with no elbows. Thus, the system resistance increases substantially as the volume of air flowing through the system increases; square of air flow.  Conversely, resistance decreases as flow decreases

	8
	A pump is delivering 48 m3/hr of water with a discharge pressure of 37 m. The water is drawn from a well where water level is 4 m below the pump centerline. The power drawn by the motor is 9.3 kW. If the efficiency of the pump is 65 % calculate the motor efficiency. 

Hydraulic Power =  Q (m3/s) x Total head, hd - hs (m) x ( (kg/m3) x g (m2/s) / 1000
                            =   (48/3600) x 41 x 1000 x 9.81 

                1000

                             =  5.36 kW

Pump shaft power  =  5.36/ 0.65

                               =  8.3 kW

Motor efficiency    =  8.3 / 9.3 

                               = 89 %

	9
	Define L/G ratio and explain  the significance of  this ratio


Liquid/Gas (L/G) ratio, of a cooling tower is the ratio between the water and the air mass flow rates. Against design values, seasonal variations require adjustment and tuning of water and air flow rates to get the best cooling tower effectiveness through measures like water box loading changes, blade angle adjustments.

Thermodynamics also dictate that the heat removed from the water must be equal to[image: image3.png]Total pressue = Satc pressure + Veloity pressure
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 the heat absorbed by the surrounding air:

where:
     L/G = liquid to gas mass flow ratio (kg/kg)
     T1   = hot water temperature (0C)
     T2   = cold water temperature (0C)
     h2   = enthalpy of air-water vapor mixture at exhaust wet-bulb temperature

               (same units as above)
     h1   = enthalpy of air-water vapor mixture at inlet wet-bulb temperature (same

               units as above)



	10
	Define the terms Lux, CRI, Luminous efficacy

Lux (lx)

This is the illuminance produced by a luminous flux of one lumen, uniformly distributed over a surface area of one square metre. One lux is equal to one lumen per square meter.


Luminous Efficacy (lm/W)

This is the ratio of luminous flux emitted by a lamp to the power consumed by the lamp. It is a reflection of efficiency of energy conversion from electricity to light form.


Colour Rendering Index (RI)

Is a measure of the degree to which the colours of surfaces illuminated by a given light source confirm to those of the same surfaces under a reference illuminent; suitable allowance having been made for the state of Chromatic adaptation.




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

(i) Answer all Five questions

(ii) Each question carries Ten marks
	1
	The contracted demand of  a chemical plant is 1000 KVA.  The average monthly MD recorded is 800 KVA only.  The average monthly energy consumption is 1.6 lakhs unit.  The utility bill analysis provides the following billing components.

Minimum monthly billing demand is 80% of contracted MD or the actual recorded MD whichever is higher.

Minimum power factor may be maintained is .9

0.5% of unit charge for every .01 point below the .90 PF will be charged additionally as penalty.

0.5% of unit charge for every .01 point above the .95 PF will be given as incentive for maintaining  higher power factor.

MD charge is Rs.300 per KVA

Energy charges is Rs. 4 per KWH

Energy Manager of the plant has proposed to improve the power factor from 0.86 to 0.96 by adding capacitors in the distribution system.

Determine the following:

1. MD reduction in KVA

2. Monthly Cost saving

Contracted MD                     = 1000 KVA

Monthly recorded MD          =   900 KVA

Present PF                             =  0.86

Desired PF                            = 0.9

Minimum Bill in MD           = 800 KVA

Calculation for  present Electricity Bill

       MD charge                     = 900 x 300    = 2.70000

                                              = 2.7 lakhs

       Energy charge                = 1.6 lakhs x Rs.4   = 6.4 lakhs

       PF Penalty                     = 0.5% frequency 0.9% below 0.9 PF in  energy charge

       % Penalty in energy charges for 0.04 below .9

                                                                                  = 4 x 0.5     = 2% 

       Amount of  Penalty       = 6.4 x 2            = 0.128 lakhs
                                                   100

       Total  Monthly Charges = 2.7+6.4+0.128  =  9.228 lakhs                         

Calculation for improved Electricity Bill

       MD recorded                        = 900 KVA

       PF                                         = 0.86

       Load KW                              = 900 x 0.86

                                                     = 774 KW

      New MD                   = 774                 = 806.25    =     806 KVA

                                            .96

      MD Charge                = 806 x 300    = 241800

      Energy Charge           = 1.6 x 4         = 6.4 lakhs

      Incentives                  = .96 – 0.95    = 0.01

                                        = 0.5  x 6.7
                                                 100

      Total Charges           = 241800 + 640000 – 3200   = 878600

      Monthly Saving        = 922800-878600   = Rs.44200       



	2
	Explain the effect of the following on compressor performance

i. Intake air temperature

ii. Clean air intake

iii. Dry air intake

iv. Elevation

v. Efficiency of intercooler and after cooler

Intake air temperature : Cool air intake leads to a more efficient compression. As a thumb rule, “Every 40C rise in inlet air temperature results in a higher energy consumption by 1 % to achieve equivalent output”

Clean air intake: Dust in the suction air causes excessive wear of moving parts and results in malfunctioning of the valves due to abrasion. Suitable air filters should be provided at the suction side. Air filters should have high dust separation capacity, low-pressure drops and robust design to avoid frequent cleaning and replacement.

“For every 250 mm WC pressure drop increase across at the suction path due to choked filters etc, the compressor power consumption increases by about 2 percent for the same output”

Dry air intake: Atmospheric air always contains some amount of water vapour, depending on the relative humidity, being high in wet weather.  The moisture level will also be high if air is drawn from a damp area - for example locating compressor close to cooling tower, or dryer exhaust is to be avoided 

Elevation: The altitude of a place has a direct impact on the volumetric efficiency of the compressor. It is evident that compressors located at higher altitudes consume more power to achieve a particular delivery pressure than those at sea level, as the compression ratio is higher.

Efficiency of intercooler and after cooler: Efficacy is an indicator of heat exchange performance- how well intercoolers and after coolers are performing.

Inter-coolers are provided between successive stages of a multi-stage compressor to reduce the work of compression (power requirements) - by reducing the specific volume through cooling the air - apart from moisture separation.

Ideally, the temperature of the inlet air at each stage of a multi-stage machine should be the same as it was at the first stage.  This is referred to as “perfect cooling” or isothermal compression. The cooling may be imperfect due to reasons described in earlier sections. Hence in actual practice, the inlet air temperatures at subsequent stages are higher than the normal levels resulting in higher power consumption, as a larger volume is handled for the same duty.



	3
	Define the terms velocity pressure, static pressure and total pressure. Explain how velocity is measured by pitot tube in a duct

Static pressure

Static pressure is the potential energy put into the system by the fan. It is given up to friction in the ducts and at the duct inlet as it is converted to velocity pressure.  At the inlet to the duct, the static pressure produces an area of low pressure (see Figure 5.15).
Velocity pressure

Velocity pressure is the pressure along the line of the flow that results from the air flowing through the duct. The velocity pressure is used to calculate air velocity.

Total pressure
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Total pressure is the sum of the static and velocity pressure. Velocity pressure and static pressure can change as the air flows though different size ducts, accelerating and de-accelerating the velocity. The total pressure stays constant, changing only with friction losses. The illustration that follows shows how the total pressure changes in a system.



	4
	A centrifugal pump pumping water operates at 35 m3/hr and at 1440 RPM. The pump operating efficiency is 68% and motor efficiency is 90%. The discharge pressure gauge shows 4.4 kg/cm2. The suction is 2m below the pump centerline. If the speed of the pump is reduced by 50 % estimate the new flow, head and power 

Flow                                                   = 35 m3/hr

Head developed by the pump            = 44 – (-2) =  46 m

Power drawn by the motor                = (35/3600) x 46 x 1000 x 9.81/(1000 x 0.68 x 0.9)

                                                          = 7.2 kW

Flow at 50 % speed                          =  35 / Q2 = 1440/720                                                                                  

                                                         = 17.5 m3/hr

Head at 50 % speed                         =  46 / H2 = (1440/720)2                                                                                 

                                                         = 11.5 m 

                                                         =  7.2/kW2 = 14403   / 7203
 P2                                                                              = 0.9 kW  

	5
	Explain Four important factors that affects the cooling tower performance

Capacity 

Heat dissipation (in kCal/hour) and circulated flow rate (m3/hr) are not sufficient to understand cooling tower performance. Other factors, which we will see, must be stated along with flow rate m3/hr. 

Range

Range is determined not by the cooling tower, but by the process it is serving. The range at the exchanger is determined entirely by the heat load and the water circulation rate through the exchanger and on to the cooling water.

Range oC   = Heat Load in kcals/hour / Water Circulation Rate in LPH

Thus, Range is a function of the heat load and the flow circulated through the system.

. 

Cold Water Temperature  AND  Wet Bulb Temperature 

As a generalization, the closer the approach to the wet bulb, the more expensive the cooling tower due to increased size. Usually a 2.8oC approach to the design wet bulb is the coldest water temperature that cooling tower manufacturers will guarantee.  If flow rate, range, approach and wet bulb had to be ranked in the order of their importance in sizing a tower, approach would be first with flow rate closely following the range and wet bulb would be of lesser importance.


Heat Load

The heat load imposed on a cooling tower is determined by the process being served.  The degree of cooling required is controlled by the desired operating temperature level of the process. In most cases, a low operating temperature is desirable to increase process efficiency or to improve the quality or quantity of the product. In some applications (e.g. internal combustion engines), however, high operating temperatures are desirable. The size and cost of the cooling tower is proportional to the heat load. If heat load calculations are low undersized equipment will be purchased. If the calculated load is high, oversize and more costly, equipment will result.




System Characteristics
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