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General instructions:

· Please check that this question paper contains 8 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
	The heat required for phase change from water at 00C to ice is called 

a) Specific Heat 
b) Superheat 
     c) Latent heat 
    d) Sensible heat                

	2
	The thermostatic trap operates on the principle of:

a) Differential density 

       

b) Differential temperature 

c) Differential  thermodynamic properties 
d) differential pressure

	3
	To drain condensate from steam mains, the trap normally used is :

a) Bucket trap 



b) Thermostatic trap 

c) Thermodynamic trap 

d) Float trap

	4
	Pre-heating of combustion air by 1000C will save about ------% of fuel.

a) 0.5   

b) 5   

c) 2.5   

d) None of the above

	5
	Fluidized bed combustion takes place in the temperature range of :

a) above 10000C           b) below 5000C              c) 600-7000C 
       d) 800-9000C

	6
	Excess air can be derived by measuring the % of ------- in flue gases.

a) CO   
          
b) N2   


c) O2  


d) SO2

	7
	The  lower limit to exit flue gas temperature of furnace oil fired system is dependant on ------- in fuel.

a) Ash           
b) Magnesium    
c) Sulphur.     

d) Carbon

	8
	The viscosity of furnace oil will be maximum at which of the following temperatures

a) 40oC  
b) 60oC   

c) 90oC  

d) 110oC


	9
	Which of the following releases the maximum energy per kg on complete combustion.

a) Carbon
b) Hydrogen

c) Sulphur.

d) Magnesium

	10
	The  % sulphur content of LSHS is about

a) 2          
b) 4        
c) 0       
d) 0.5

	11
	The type of draft used in an oil fired package  boiler is  

a) Balanced draft

b) Natural draft.  
c) Forced draft
  

d) Induced draft

	12
	In flue gas the theoretical CO2 is 15% and the measured CO2   is 12% by volume. The % excess air is:

a) 50%

b) 150%
c) 25%

d)20%

	13
	Which data is not required to calculate the efficiency of boiler by indirect method

a) Flue gas temperature

b) Ambient temperature


c) Calorific value of fuel

d) Blow down rate

	14
	For coal fired system the flame length is dictated by:

a) Moisture           b) Volatile matter    
       c) Ash content             d) Fixed Carbon

	15
	De-aeration of boiler feed water is referred to as 

a) Removal of silica

b) Removal of dissolved gases. 
c) Removal of TDS  

d) Phosphate conditioning

	16
	Velocity of steam in a pipe depends on 

a) Number of bends 


b) Length of pipe 

c) Specific volume of steam 

d) None of the above

	17
	Concentration of solids in boiler drum is controlled by :

a) Reducing dosage of chemicals
b) Steam venting    
c) Blowdown 



d) condensate recovery

	18
	The heat loss dependant on chemical characteristics of liquid fuel is:

a) Unburnt losses  

b) blowdown loss  
c) Radiation loss   

d) Hydrogen loss

	19
	 High emissivity coatings are most effective on :

a) Outer surface of furnace                        b) Inner surface of furnace 

c) Furnace charge                                      d) burner nozzles

	20
	Pick the wrong statement. The thermal efficiency of a furnace increases by :

a) Reducing surface heat loss. 
            
b) Preheating Combustion air.

c) Increasing excess air 

d) Minimising  unburnt losses

	21
	The use of ceramic fibre in a batch type furnace results in fuel economy is due to:

a) Chemical resistance                            b) Thermal shock resistance 

c) Lower maintenance                           
d) Lower heat storage

	22
	Which of the following when added to aluminosilicate helps in reducing shrinkage level of ceramic fibre:

a) MgO  

b) ZrO2  

c) MgSO4  

d) CaSO4

	23
	Which is the common coal firing system used in Indian thermal power plants?

a) pulverized coal firing   
b) stoker firing   

c) AFBC     
  d) PFBC

	24
	Which of the following fuel requires maximum air for stochiometric combustion?

a) Furnace oil
       b) Bagasse

c) Hydrogen
       d) Coal

	25
	How many kg of CO2   are produced in complete combustion of 16 kg of Methane? 

a) 42
       
b) 44

c) 16
       d) none of the above

	26
	Evaporation ratio of an efficient oil fired boiler is in the range of 

a) 5 - 6
       
b) 13 – 14

c) 1 - 3
       
d) 7 – 9

	27
	A rise in conductivity of boiler feed water indicates 

a) drop in the total dissolved solids in boiler water     


b) more steam generation
c) greater purity of feed water          
d) rise in the total dissolved solids in boiler water

	28
	Which property is the most important for an insulating brick:

a) Mechanical strength   
b) Chemical resistance  
c) Compact strength 

d) Porosity

	29
	What type of steam is used for electric power generation in thermal power plants

a) Dry saturated   

b) High pressure with superheat.   

c) Wet steam 


d) None of the above

	30
	Air compressor alone consumes about _____ of the energy generated in a gas turbine

a) 5-10%

b) 10-20%
     c) 20-30%
               d) 50-60%

	31
	In a glass industry waste heat is used for power generation. This type of cogeneration is called

a) topping cycle



b) bottoming cycle
   

c) gas turbine cycle


d) reheat cycle

	32
	In circulating fluidized bed combustion boilers most of the heat transfer takes place…

a) inside the combustion zone 


b) bed tubes

c) outside of the combustion zone

d) super heater tubes

	33
	Water hammer in a steam system is caused by

a) collected condensate hitting obstructions        
b) leaking pipe joints

c) slow moving steam

            
d) continuous slope in direction of flow

	34
	When pure hydrogen is burn with stochiometric air, percentage nitrogen on volume basis in flue gas on dry basis will be 

a) 79%  


b) 21%


c) < 21%

d) 100%

	35
	Latent heat of any vapour at its critical point will be
a) highest 

b) above zero

c) zero

d) less then zero

	36
	Steam separators are used in steam lines to remove 
a) water droplets from the wet steam

b) dirt from the steam
c) air from the steam



d) silica from the steam

	37
	High percentage of carbon monoxide presence in the flue gas of boiler is an indicator of 
a) high excess air 


b) complete combustion 

c) good control of pollutants 

d) low excess air



	38
	Flash steam can be recovered from 
a) leaking steam


b) condensate at vacuum
c) condensate at high pressure
d) condensate at atmospheric pressure 

	39
	The type of combustion used for coal fired combined cycle power generation application is 
a) CFBC 
            b) AFBC    
     c) PFBC 
              d) All the above

	40
	Reverse osmosis for water treatment involves 
a) removal of total salts

b) removal of only hardness causing salts
c) removal of alkali salts


d) removal of non-hardness salts

	41
	When 100 kg of fuel with 60% carbon is burnt with theoretical air, the mass of CO2 released will be 
a) 319 kg

b) 4400 kg

c) 4500kg
d) 220 kg

	42
	When a vapour-liquid combination of 1 kg water at 120ºC is supplied with 50 kCal of heat at constant pressure conditions, its temperature will be 
a) 220ºC

b) 190ºC

c) 170ºC

d) 120ºC

	43
	Strainers are used in steam line to ensure that 
a) no steam reaches the trap


b) no dirt reaches the trap

c) no condensate reaches the trap

d) no air reaches the trap

	44
	Radiation losses from a boiler practically
a) increase with increase in  its % loading


b) decrease with increase in  its % loading 

c) are independent of  its % loading
d) none of the above.

	45
	The large difference between GCV and NCV of gaseous fuels is due to their
a)  large moisture content

b)  no moisture content

c)  low hydrogen content

d)  large hydrogen content

	46
	Parallel flow arrangement instead of counter flow arrangement of two streams in a metallic recuperator is chosen because
a) combustion air also serves  the purpose of cooling duct carrying the flue gases.
b) temperature difference between the two steams is constant along the flow  direction.

c) pressure drops in the two steam are less in this arrangement

d) combustion air can easily enter the recuperator in the flow direction of the flue gases.

	47
	Which of the following heat recovery equipment works on a refrigeration cycle ?

a) thermocompressor          b) heat wheel           c) heat pump          d) heat pipe

	48
	In which of the following equipment stored heat is used for preheating combustion air 

a) Convective recuperator  

b) radiation recuperator 
c) regenerator 



d) heat pump

	49
	Reduction of steam pressure in a process heating application will

a) reduce the steam temperature  

b) reduce the sensible heat  
c) increase the enthalpy of evaporation  

d) all of the above

	50
	At the same temperature which of the following fuels will have maximum viscosity ?

a) LDO   
b) HSD   
c) Furnace oil   

d) LSHS


…….……. 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
	For stochiometric combustion of C3H8 , estimate air to fuel ratio.



	Ans.
	C3H8 + 5O2 + 5 x 3.76 N2 = 3CO2 + 4H2O + 5 x 3.76 N2

Air to fuel ratio =  
[image: image1.wmf]fuel

 

of

 

mass

required

air 

 

of

 

mass

= 
[image: image2.wmf]44

29

 x 

4.78

 x 

5

= 15.7 kg/kg

5 Marks

	
	

	S-2
	An oil-fired boiler is generating 10 TPH of saturated steam at absolute pressure of 10 kg/cm2. boiler feed water temperature is 60oC.   Estimate its F & A capacity if the latent heat of steam at 100oC is 540 kCal/kg (At 10 kg/cm2 the enthalpy of steam is 662 kcal/kg)



	
	Rate at which Heat is supplied for converting  10 TPH 60ºC water to 10 kg/cm2

Saturated steam = 10 x 1000 x (662-60) kcal
3 Marks
Steam generated at F & A  100ºC = 10x 1000 x (662-60)/ 540 = 11.15 TPH

2 Marks

	
	

	S-3
	Two identical biomass fired boilers of capacity 10 TPH  are operated in a chemical industry. They have a full load efficiency of 80%. The part load efficiencies at 70% and 40% load are 75% and 68% respectively. For meeting 14 TPH requirement of steam, would you prefer to run both the boilers at 7 TPH capacity or one at full load capacity and other at 40% capacity. Estimate the % savings in the preferred case.

	
	Fuel energy required when  both the boilers are run at 7 TPH load 

                                                                                      = 
[image: image3.wmf]75

.

0

7

2

h

x

x

D

 = 18.67 (h

2 Marks
Fuel energy required when one boilers is running at full load and other at part load of 40%

                                                                              = 
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2 Marks
The first care is preferred

% savings = 
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1 Mark

	
	

	S-4
	List the properties which are measured in proximate analysis and ultimate analysis of solid fuels 

	
	(i) proximate analysis 

a) moisture

b) volatile matter

c) ash 

d) fixed carbon

      3 Marks for any three 


(ii) Ultimate Analysis

a) Moisture 

b) % of different elements (hydrogen, carbon, sulfur, nitrogen, oxygen)

c) Ash (or mineral water )

      2 Marks for any two

	
	

	S-5
	The average surface temperature of a bare furnace walls (area = 80 m2) with surrounding ambient air temperature of 40ºC, is recorded to be 130ºC. After insulation of the wall, the surface temperature reduces to 50ºC. If the fuel oil (calorific value = 11,000 kcal/kg) cost is Rs. 22,000 per tonne, and efficiency of the furnace is 35%, estimate annual savings from the insulation of the wall for 300 working days per year.

	
	Rate of heat loss from the wall = 80 [10+
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2 Marks
Rate of heat loss from the insulation wall = 80 [ 10 + 
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2 Marks
Annual energy savings  = (104.4-8.4) x 103 x 300 x 24 = 6.9 x 108 kcal/hr

Annual fuel savings = 
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1 Mark


	
	

	S-6
	What do you understand by the term ‘quality of waste heat’

Name two devices, which are used for improving the energy quality of streams and explain the functioning of any one in brief.

	
	The quality of waste heat refers to the temperature at which it is available

1 Mark
Two devices are 

1, Heat pump 
2.Thermocompressors 

2 Marks
(1) Heat Pump

The majority of heat pumps work on the principle of the vapour compression cycle. In this cycle, the circulating substance is physically separated from the source (waste heat, with a temperature of Tin) and user (heat to be used in the process, Tout) streams, and is re-used in a cyclical fashion, therefore called 'closed cycle'. In the heat pump, the following processes take place: 

a) In the evaporator the heat is extracted from the heat source to boil the circulating substance; 

b) The circulating substance is compressed by the compressor, raising its pressure and temperature; The low temperature vapor is compressed by a compressor, which requires external work. The work done on the vapor raises its pressure and temperature to a level where its energy becomes available for use 

c) The heat is delivered to the condenser; 

d) The pressure of the circulating substance (working fluid) is reduced back to the evaporator condition in the throttling valve, where the cycle repeats. 

The heat pump was developed as a space heating system where low temperature energy from the ambient air, water or earth is raised to heating system temperatures by doing compression work with an electric motor driven compressor 

2 Marks
(OR)

(2) Thermocompressor : 

In many cases, very low pressure steam are reused as water after condensation for lack of any better option of reuse. In many cases it becomes feasible to compress this low pressure steam by very high pressure steam and reuse it as a medium pressure steam. The major energy in steam, is in its latent heat value and thus thermocompressing would give a large improvement in waste heat recovery. 

The thermocompressor is a simple equipment with a nozzle where HP steam is accelerated into a high velocity fluid. This entrains the LP steam by momentum transfer and then recompresses in a divergent venturi. A figure of thermocompressor is shown in Figure.

It is typically used in evaporators where the boiling steam is recompressed and used as heating steam.
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2 Marks


	
	

	S-7
	A reheating furnace output is 8 tons/hour. Thermal efficiency is 15% on NCV basis. Specific heat of billet is 0.12 kcal/kgo C.  Billets enter the furnace at 50oC and leave at 1200oC. Calculate the hourly oil consumption in liters per hour.(NCV of oil is 9650 kCal/kg  &  Specific gravity of oil is 0.95.)

	
	Efficiency = heat absorbed in the stock  = 0.15 = 8000 x 0.12 (1200-50)

                       heat in the fuel  

     Flow rate (kgs/hr) x9650

 4 Marks
Flow rate of oil =762.7 kg/hr or 762.7/0.95=802.8 lit/hr
1 Mark


	
	

	S-8
	A coal-fired boiler is generating steam at 8 kg/cm2.  The evaporation ratio of the boiler is 5.  The NCV of the fuel is 3800 kCal/kg.  The Hydrogen and moisture content in the coal are 3% and 6% respectively. Find out the efficiency of the boiler on GCV basis if the enthalpy of the steam is 661 kCal/kg and the feed water temperature is 48oC

Answer

GCV = NCV + (9H + M) x 584

         = 3800 + (9 x .03 + .06) x 584  = 3992.72 kCal/kg

2 Marks
Efficiency  = Evaporation ratio x (Enthalpy of steam- enthalpy of water)x 100/ GCV 

                  = 5 x (661-48) x 100 / 3992.72
                   =  76.76%
3 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-1
	What are the functions of a steam trap ?

Explain with a neat sketch the working principle of thermodynamic trap.

	
	Functions of Steam Traps

The three important functions of steam traps are:

· To discharge condensate as soon as it is formed 

· Not to allow steam to escape

· To be capable of discharging air and other incondensible gases

3 Marks
Working principle of thermodynamic trap
The thermodynamic trap operates by means of the dynamic effect of flash steam as it passes through the trap. The only moving part is the disc above the flat face inside the control chamber or cap. 


On start-up, incoming pressure raises the disc, and cool condensate plus air is immediately discharged from the inner ring, under the disc, and out through three peripheral outlets.


Hot condensate flowing through the inlet passage into the chamber under the disc drops in pressure and releases flash steam moving at high velocity. This high velocity creates a low pressure area under the disc, drawing it towards its seat.
At the same time, the flash steam pressure builds up inside the chamber above the disc, forcing it down against the incoming condensate until it seats on the inner and outer rings. At this point, the flash steam is trapped in the upper chamber, and the pressure above the disc equals the pressure being applied to the underside of the disc from the inner ring. However, the top of the disc is subject to a greater force than the underside, as it has a greater surface area.


Eventually the trapped pressure in the upper chamber falls as the flash steam condenses. The disc is raised by the now higher condensate pressure and the cycle repeats
[image: image12.png]



4 Marks for explanation and 3 marks for sketch


	L-2
	Explain the following

a) Dryness fraction of steam

b) Net calorific value

c) Emissivity coatings

d) Turndown ratio



	
	a) Dryness fraction of steam
Dryness fraction is defined as mass of dry steam in one kg of mixture of dry steam and water vapour.

(or)

The total heat of dry saturated steam or enthalpy of saturated steam is given by   sum of the two enthalpies hf +hfg.  When the steam contains moisture the total heat of steam will be hg = hf +[image: image13.png]


 hfg where [image: image14.png]


 is the dryness fraction.  Here [image: image15.png]


 is fraction.  
2 .5 Marks
b) Net calorific value
The calorific value is the measurement of heat or energy produced.  Net calorific value (NCV) assumes the water leaves with the combustion products without fully being condensed.
2 .5 Marks
c) Emissivity coatings
high emissivity coatings allows the surface emissivity of materials to be increased, with resultant benefits in heat transfer efficiency and in the service life of heat transfer components. High emissivity coatings are applied in the interior surface of furnaces. High emissivity coating shows a constant value of emisivity over varying process temperatures.

The application of high-emissivity coatings in furnace chambers promotes rapid and efficient transfer of heat, uniform heating, and extended life of Refractories and metallic components such as radiant tubes and heating elements. For intermittent furnaces or where rapid heating is required, use of such coatings was found to reduce fuel or power to tune of 25-45%. Other benefits are temperature uniformity and increased refractory life

2 .5 Marks
d) Turndown ratio

Turndown ratio is an important aspect to be considered in selection of burner. Turndown ratio is the relationship between the maximum and minimum fuel input without affecting the excess air level.
2 .5 Marks


	L-3
	Steam pipeline 100mm diameter is insulated with 25 mm mineral wool material.  The pipe line carries steam at 5 ata and has a length of 100m.Due to increased cost of fuel, the Energy Auditor had recommended an increase of additional 25 mm of thickness. Find out the economics if the additional cost of insulation is 0.5 lakhs. Assume 8000 hours of operation per year.

Given: Boiler efficiency on NCV basis

: 80%

Cost of fuel oil





: Rs. 22,000/tonne.

Net Calorific value of fuel 



: 9650 kCal/kg

Existing surface temperature of insulation    

: 800C

Expected surface temperature after additional insulation 
: 400C

Ambient temperature


            
: 300C



	
	Heat Loss: (Existing System)

Surface heat loss S=( 10+(Ts –Ta)/20( x(Ts-Ta)

Where Ts =Hot surface temperature0C


Ta =Ambient temperature0C

S =Surface heat loss in k.Cal/hrm2

 Substituting values  S=( 10+(80 –30)/20( x(80-30)




  =625 k.Cal/ hrm2



3 Marks.

Heat Loss (Modified System) :

After insulating with additional 25mm mineral wool the surface temperature has reduced to 400C

Substituting values S=( 10+(40 –30)/20( x(40-30)




=105 k.Cal/ hrm2



3 Marks
Calculation of Fuel Savings:

Pipe Details-Existing:100 m length and 100mm dia with 25mm thick insulation.

Surface area existing


=3.14x0.15x100 =47.1 m2 

Surface area after additional insulation=3.14x0.2x100 =62.8 m2
Total heat loss in existing system
=625x47.1 =29,438 k.Cal/hr

Total heat loss in modified system
=105x62.8  =6594 k.Cal/hr

Reduction in heat loss

=29,438-6594 =22,844 k.Cal/hr

No of operating hours per annum
=8000

Savings in heat per year

=22,844x8000 =182752000 k.Cal/yr

Annual savings in fuel oil

=182752000/(9650x0.8)x1000 =23.673Tons

Monetary savings per annum
=23.673x22000 =Rs5.21lakhs.

Simple Pay Back Period(Months)
 : (0.5/5.21)*12=1.07.


4 Marks


	
	

	L-4
	Draw simple schematic sketch to describe the following (No explanations required)

a) Cogeneration with extraction condensing turbine

b) Combined cycle power plant

c) Diesel engine cogeneration

d) Bottoming cycle cogeneration

e) Cogeneration with double extraction backpressure turbine 

	
	a) Cogeneration with extraction condensing turbine
2 Marks
b) Combined cycle power plant
2 Marks
c) Diesel engine cogeneration
2 Marks
d) Bottoming cycle cogeneration
2 Marks
e) Cogeneration with double extraction backpressure turbine
2 Marks


	L-5
	a) List five benefits of condensate recovery

b) Condensate at a pressure of 10 kg/cm2g is flashed to a lower pressure of 2 kg/cm2g. If the Condensate flow rate is 1000 kg/hr. Calculate the % of flash steam and flow rate of flash steam? 

Given are the data from steam tables
:

Sensible heat of steam at 10 kg/cm2g 
: 185 kCal/kg

Sensible heat of steam at 2 kg/cm2g 
            : 133 kCal/kg

Latent  heat of steam at 2 kg/cm2g 
            : 650 kCal/kg



	
	a) benefits of condensate recovery
· Water charges are reduced.

· Effluent charges and possible cooling costs are reduced.

· Fuel costs are reduced.

· More steam can be produced from the boiler.

· Boiler blowdown is reduced - less energy is lost from the boiler.

· Chemical treatment of raw make-up water is reduced.

5 Marks (1 for each point)
b)

% Flash Steam available
: (185-133)/650  = 8 %

Flow rate of flash steam         : 1000 x 8 %

                                                : 80 kgs/hr


 

5 Marks


	L-6
	 List 10 energy saving measures in boilers and steam systems


	
	Energy saving measures in boiler

1.  The stack temperature should be as low as possible. 

2.   Feed Water Preheating using Economiser

3.   Combustion Air Preheat

4.   Avoid Incomplete Combustion

5.   Excess Air Control

6.   Radiation and Convection Heat Loss

7.   Automatic Blowdown Control

8.   Reduction of Scaling and Soot Losses 

9.   Reduction of  Boiler Steam Pressure

10.   Variable Speed Control for Fans, Blowers and Pumps

11. Effect of Boiler Loading on Efficiency

12.   Proper Boiler Scheduling

Energy saving measures in steam systems

1. Monitoring Steam Traps

2. Avoiding Steam Leakages

3.  Providing Dry Steam for Process

4. Utilising Steam at the Lowest Acceptable Pressure for the Process

6. Proper Utilization of Directly Injected Steam
7. Minimising Heat Transfer Barriers

8. Proper Air Venting
9. Condensate Recovery

10. Insulation of Steam Pipelines and Hot Process Equipments

11. Flash Steam Recovery

10 Marks (One mark for any of the 10 points in boiler and steam)



…….……. End of Section – III ………..….
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