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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. 
	Proximate analysis of fuel is determination of percentage of

a) Carbon, hydrogen, nitrogen, sulphur, moisture

b) Fixed carbon, ash, volatile matter, moisture

c) Higher calorific value

d) Lower calorific value



	2. 
	Ultimate analysis of fuel is determination of percentage of

a) Carbon, Hydrogen,  Nitrogen,  Sulphur and Moisture

b) Fixed carbon, ash, volatile matter and moisture

c) Higher calorific value

d) Lower calorific value

	3. 
	Spontaneous combustion is a phenomenon in which

a) All the fuel burns instantaneously producing high energy release

b) Fuel burns with less air

c) Coal bursts into flame without any external ignition source  but by itself due to gradual increase in temperature as a result of heat released by combination of oxygen with coal

d) Explosion occurs in furnace



	4. 
	O2  content in atmospheric air on volume basis is

a) 21%

b) 23%

c) 30%

d) 40%



	5. 
	The three “Ts” for good combustion are
a) Temperature, time, and turbulance

b) Total air, true fuel, and turbulance

c) Thorough mixing, total air and temperature

d) Total air, time, and Temperature



	6. 
	Pulverised fuel is used for

a) Better burning

b) More calorific value

c) Less radiation loss

d) Ease of handling

	7. 
	Condensate at pressure of 4 kg/cm2 and 1600C temperature when exposed to atmosphere will

a) Boil

b) Flash  i.e.  get converted into steam

c) Remain as it was
d) Cool down


	8. 
	The latent heat of steam with increases of pressure

a) Remains same

b) Increases

c) Decreases

d) Behaves unpredictably



	9. 
	Fyrite apparatus is used for 

a) Gravimetric analysis of the flue gas

b) Volumetric analysis of the flue gas

c) Mass flow of the flue gas
d) Measuring smoke density of flue gases


	10. 
	Fire tube boilers are those in which

a) Flue gases pass through tubes and water around it

b) Water passes through the tubes and flue gases around it

c) Forced circulation takes place

d) Tubes are laid vertically



	11. 
	The high pressure boiler is one producing steam at a pressure more than

a) Atmospheric pressure

b) 5 kg/cm2  

c) 20 kg/cm2 

d) 75 kg/cm2  



	12. 
	In forced recirculation type boiler

a) Heating takes place at bottom and the water supplied at bottom gets converted into the mixture of steam bubbles and hot water which rise to drum

b) Water is supplied in drum and through down-comers located in atmospheric condition it passes to the water wall and rises to drum in the form of mixture of water and steam

c) Feed pump is employed to supplement natural circulation in water wall type furnace

d) The water is converted into steam in one  pass without any re-circulation



	13. 
	The balance draft furnace is one using

a) Induced draft fan and chimney

b) Induced draft fan and forced draft fan
c) Forced draft fan and chimney
d) Any one of the above


	14. 
	Which type of  Steam trap operates on the principle of difference in temperature between steam and condensate:

a)  Thermodynamic trap  b)  Inverted Bucket  c)  Thermostatic trap  d) None of the above

	15. 
	Flash steam can be recovered from 

a)  Superheated steam  b)  saturated steam  c) high pressure condensate  d) condensate at atmospheric pressure

	16. 
	The purpose of venting air from steam systems is because air is a

a) insulator  b) good conductor  c) dilutant   d) inert substance

	17. 
	The temperature of superheated steam, expressed as degrees above saturation corresponding to the pressure, is referred to as the degree of

a) sensible heat   b) super heat   c) latent heat  d) sub cooling

	18. 
	A steam  trap is a device, which discharges 

a) condensate  b) steam  c) effluent  d)  TDS

	19. 
	Based on mode of charging of material, furnaces can be classified into

a) Batch & Continuous Furnace     b) Combustion & electric Furnace

c) Recuperative and regenerative   d) Forging and heat treatment furnace



	20. 
	The furnace temperature maintained for a batch type, re-rolling mill furnace is

a) 1200oC     b) 900oC      c)  1500oC      d) 1000oC

	21. 
	Heat transfer in a reheating furnace is achieved by which method

a) Conduction      b) Convection      c) Radiation       d) All of the above


	22. 
	What is the typical thermal efficiency for a low temperature batch type furnace operating at 540-980oC?

a) 20-30%      b)  10-20%         c)15-25%      d) 5-10%



	23. 
	Among the following which one is the ideal pressure for a furnace.

a) +2mm Wc       b) – 5mm Wc         c)  +10mm Wc   d ) 10 mm Wc



	24. 
	A recuperator is used to preheat

a) Water         b)  Stock           c)  Combustion air          d) Flue gas



	25. 
	Among the following, which one improves efficiency of a furnace

a) Charge preheating      b) Preheating combustion air

c) Reducing Wall loss    d)  All the above



	26. 
	Glass mineral wool can be applied for temperature range application upto

a) 9500C

b) 5000C

c) 12000C

d)    7500C

	27. 
	The insulation thickness for which the total cost is minimum is called

a) Minimum insulation thickness

b) Cheapest insulation thickness

c) Economic thickness

d) None of the above

	28. 
	SiO2 % in a silica brick will be at least:

a) 43%

b) 23%

c) 93%

d) 63%

	29. 
	Ceramic fiber is manufactured by blending and melting:

a) Magnesia & Silica

b) Alumina & Magnesia

c) Alumina & Silica

d) Silica & Chromite

	30. 
	The heat stored in a ceramic fibre lining system is generally in the range of 

a) 270 – 400 Kcal/m2 

b) 2700 – 4000 Kcal/ m2
c) 27000 – 40000 Kcal/ m2
d) 27 – 40 Kcal/ m2


	31. 
	Higher the heat transfer coefficient, the surface heat loss will be

a) Lower

b) Higher

c) No change

d) Cannot say

	32. 
	An example of organic insulation is

a) Mineral wool

b) Calcium Silicate

c) Polyurethane 
d) None of these



	33. 
	The unit of thermal conductivity is

a) W/m2 0C

b) W 0C/m2 

c) W/m0C

d) W0C/m

	34. 
	Fluidized bed combustion has -------------effect on SOX and NOX emission.

a) Increased    b) Reduced       c) Nil       d) none of the them

	35. 
	What is used in fluidized bed boiler to control Sulfur Dioxide and Nitrogen oxide emissions.

a) Charcoal     b) Limestone      c) Sand           d) Silica



	36. 
	The velocity of  fluidized air in a AFBC boiler is 

a) 1.2 – 3.7 m/s         b)  3.7 – 9 m/s      c) 9-12 m/s      d)  None of them

	37. 
	In a coal fired AFBC, Clinker formation occurs when bed temperature exceeds---------------

a) 850oC       b)  950oC          c)   1000oC        d)  800oC



	38. 
	The coal size for over-bed feeding in a AFBC boiler?

a) < 1mm     b)  6-10 mm       c) 10-14 mm       d)  > 10 mm

  

	39. 
	Fly ash in a FBC boiler is in the range of 

a) 20%         b)  30%           c)  40%          d) None of the above   

 

	40. 
	The combustion air in a CFBC is supplied at a ------------pressure in comparison to bubbling bed combustors

a) Lower         b) Higher          c )  Similar         d)  Very high



	41. 
	A PFBC system can drive which type of  turbine

a) Gas turbine        b) Steam turbine     c)  both Gas & Steam turbine

d) Neither Gas nor Steam turbine.



	42. 
	Excess air quantity required in a FBC boiler is of the order of

a) 20-25%       b) 10-15%          c)  15-20%        d)  > 30%

	43. 
	CHP  is

a) Collective horse power

b) Collective heat and  Power

c) Combined heat and Power

d) Combined horse power


	44. 
	Which of the following cogeneration options to be used if user requires thermal  energy at two different temperature?

a) Back pressure turbine

b) Fully condensing turbine

c) Extraction condensing turbine

d) None of the above


	45. 
	What is the general electrical conversion efficiency of diesel engine

a) 13-28%

b) 23-38%

c) 33-48%

d) 43-58%`



	46. 
	The average heat to power ratio of a fertilizer industry would be

a) 0.5

b) 1

c) 2

d)   3

	47. 
	The temperature of the gas that enters the gas turbine is around

a) 9000C

b) 4000C

c) 2000C

d) 1500C



	48. 
	The efficiency of stand alone gas turbine will be in the range of 

a) 35-40%

b) 20-25%

c) 15-20%

d) 10-15%



	49. 
	The device used to upgrade a lower pressure steam to a higher pressure steam is called

a) heat pump  b) thermo compressor  c) heat pipe  d) heat wheel



	50. 
	A device used to compress a low pressure steam to a high pressure steam is called

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




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

(i) Answer all Ten questions

(ii) Each question carries Five marks
	1
	What is draft in combustion system? Explain briefly the different types of draft.

The function of draft in a combustion system is to exhaust the products of combustion into the atmosphere. The draft can be classified into two types namely Natural and Mechanical Draft. 

Natural Draft 

It is the draft produced by a chimney alone. It is caused by the difference in weight between the column of hot gas inside the chimney and column of outside air of the same height and cross section.  

Mechanical Draft

It is draft artificially produced by fans. Three basic types of drafts that are applied are,

Balanced Draft: Forced-draft (F-D) fan (blower) pushes air into the furnace and an induced-draft (I-D) fan draws gases into the chimney thereby providing draft to remove the gases from the boiler. 

Induced Draft: An induced-draft fan draws enough draft for flow into the furnace, causing the products of combustion to discharge to atmosphere

Forced Draft: The Forced draft system uses a fan to deliver the air to the furnace, forcing combustion products to flow through the unit and up the stack.



	2
	What are the comparative advantages and disadvantages of firetube and water tube boilers?

S.No.

Parameters

Firetube boilers

Watertube boilers

a.

Rate of steam generation

Less rapid

More rapid

b.

Suitability for power plants

Unsuitable

Suitable.  All major power plants are based on these

c.

Operating steam pressure

Limited to 25kgf/cm2
Can well exceed 125 kgf/cm2
d.

Chances of explosion

Less

More

e.

Risk of damage due to explosion

Much more

Much less

f.

Water treatment

Not very necessary as minor scaling would not go far enough to cause overheating and tube bursting

Required as scaling will lead to tube bursting

g..

Floor space requirement

Much

Less

h.

Cost & construction problem

Higher

Much less

i.

Transportation

Inconvenient due to large size of the shell

Comparatively easier

j.

Skill required for efficient operation

Less

More



	3
	How water hammer is produced in a piping system and how it can be eliminated?

A water hammer in a steam system is caused by condensate collection in the plant or pipe work picked up by the fast moving steam and carried along with it. When this collection hits obstructions such as bends, valves, steam traps or some other pipe fittings, it is likely to cause severe damage to fittings and equipment and result in leaking pipe joints. The problem of water hammer can be eliminated by positioning the pipes so that there is a continuous slope in the direction of flow. A slope of at least 12mm in every 3 metres is necessary, as also an adequate number of drain points every 30 to 50 metres.



	4
	What do you understand by reducing the work to be done by steam?

If any product is to be dried such as in a laundry, a press could be used to squeeze as much water as possible before being heated up in a dryer using steam. When the steam reaches the place where its heat is required, it must be ensured that the steam has no more work to do than is absolutely necessary. Air-heater batteries, for example, which provide hot air for drying, will use the same amount of steam whether the plant is fully or partly loaded. So, if the plant is running only at 50 per cent load, it is wasting twice as much steam (or twice as much fuel) than necessary. 

Always use the most economical way to removing the bulk of water from the wet material. Steam can then be used to complete the process. For this reason, hydro-extractors, spin dryers, squeeze or calendar rolls, presses, etc. are initially used in many drying processes to remove the mass of water.                            



	5
	What are the various losses that occurs in a furnace?

Answer :

The various losses that occurs in a furnace are:

· Heat storage in the furnace structure.

· Losses from the furnace outside walls or structure.

· Heat transported out of the furnace by the load conveyors, fixtures, etc.

· Radiation losses from openings, hot exposed parts, etc.

· Heat carried by the cold air infiltration into the furnace.

· Heat carried by the excess air used in the burners.

	6
	Mention five requirements of a refractory material.

Refractories:

a) Ability to withstand high temperatures

b) Ability to withstand sudden changes of temperatures

c) Ability to withstand action of molten metal slag, glass, hot gases, etc.

d) Ability to withstand load at service conditions.

e) Ability to withstand load and abrasive forces

	7
	What are the advantages of fluidized bed combustion?

Fluidized bed combustion has emerged as a viable alternative and has significant advantages over conventional firing system and offers multiple benefits – compact boiler  design, fuel flexibility, higher combustion efficiency and reduced emission of noxious pollutants such as SOX  and NOX.  The fuels burnt in these boilers include coal, washery rejects, rice husk, bagasse and other  agricultural wastes.



	8
	Write a short note on Fuel Feeding system in a AFBC boiler

1. Fuel Feeding System :

For feeding fuel, sorbents like limestone or dolomite, usually two methods are followed: under bed pneumatic feeding and over-bed feeding.

Under Bed Pneumatic Feeding :

If the fuel is coal, it is crushed to 1-6 mm size and pneumatically transported from feed hopper to the combustor through a feed pipe piercing the distributor.  Based on the capacity boiler, the number of feed points is increased, as it is necessary to distribute the fuel into the bed uniformly.

Over-Bed Feeding:

The crushed coal, 6-10 mm size is conveyed  from coal bunker to a spreader by a screw conveyor.  The spreader distributes the coal over the surface of the bed uniformly.  This type of fuel feeding system accepts over size fuel also and eliminates transport lines, when compared to under-bed feeding system.



	9
	Mention three circumstances, where co-generation is likely to be most attractive.

a) The demand for both steam and power is balanced i.e. consistent with the range of steam : power output ratios that can be obtained from a suitable cogeneration plant.

b) A single plant or group of plants has sufficient demand for steam and power to permit economies of scale to be achieved

Peaks and troughs in demand can be managed or, in the case of electricity, adequate backup supplies can be obtained from the utility company.

	10
	What are the direct and indirect benefits of waste heat recovery?

Direct Benefits:

Recovery of waste heat has a direct effect on the efficiency of the process. This is reflected by reduction in the utility consumption & costs, and  process cost.

Indirect Benefits:

Reduction in pollution:  A number of toxic combustible wastes such as carbon monoxide gas, sour gas, carbon black off gases, oil sludge, Acrylonitrile and other plastic chemicals etc, releasing to atmosphere if/when burnt in the incinerators serves dual purpose i.e. recovers heat and reduces the environmental pollution levels.

Reduction in equipment sizes: Waste heat recovery reduces the fuel consumption, which leads to reduction in the flue gas produced. This results in reduction in equipment sizes of all flue gas handling equipments such as fans, stacks, ducts, burners, etc.

Reduction in auxiliary energy consumption: Reduction in equipment sizes gives additional benefits in the form of reduction in auxiliary energy consumption like electricity for fans, pumps etc




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

(i) Answer all Five questions

(ii) Each question carries Ten marks
	1
	How the coal is pulverized, and what are the advantages of pulverized coal firing systems ?

It is two stage process

I.  Stage:

Raw and lump coal is crushed to a particle size not more than 15-25 mm in the crusher

II Stage:

Crushed coal is delivered into raw coal bunkers and from here it is transferred to grinding mills that grind the feed into the final particles of 200-3000 mesh size.  During grinding hot air is blown through the fuel to dry it to impart good fluidity of the coal dust.

a) Pulverization brings about a large increase in surface area per unit mass of solid fuel.  Since combustion is a surface reaction, greater the extent of coal surface available, higher will be the rate of combustion.  Herein lies the success of pulverized coal fired systems.

b) Less excess air is required for complete combustion because of greater surface area of fuel exposed.

c) Higher combustion air temperatures ensure higher cycle efficiency.

d) A good range of coal right from anthracite to peat can be successfully burnt

e) Better combustion control enables the system to respond quickly to extensive load variation.

f) Better response to instrument control on auto

g) Large amount of heat release makes it very suitable for super thermal power stations where the rate of steam generation is as high as 2000 t/h.

h) Slagging and clinkering problems are low

i) Carry over of unburnt fuel to ash is practically nil

j) Ash handling problem low

k) Can operate successfully in combination with gas and oil fired systems

l) Cold start-up of boilers is very rapid and efficient

m) Less furnace volume is required

n) Low banking loss



	2
	List down the various energy conservation opportunities available in a steam system?

1. Avoiding Steam Leakages
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Steam leakage is a visible indicator of waste and must be avoided. It has been estimated that a 3 mm diameter hole on a pipeline carrying 7kg/cm2 steam would waste 33 KL of fuel oil per year. Steam leaks on high-pressure mains are prohibitively costlier than on low pressure mains. Any steam leakage must be quickly attended to. In fact, the plant should consider a regular surveillance programme for identifying leaks at pipelines, valves, flanges and joints. Indeed, by plugging all leakages, one may be surprised at the extent of fuel savings, which may reach up to 5% of the steam consumption in a small or medium scale industry or even higher in installations having several process departments.

2. Providing Dry Steam for Process

The best steam for industrial process heating is the dry saturated steam. Wet steam reduces total heat in the steam. Also water forms a wet film on heat transfer and overloads traps and condensate equipment. Super heated steam is not desirable for process heating because it gives up heat at a rate slower than the condensation heat transfer of saturated steam.

It must be remembered that a boiler without a superheater cannot deliver perfectly dry saturated steam. At best, it can deliver only 95% dry steam. The dryness fraction of steam 
depends on various factors, such as the level of water to be a part of the steam. Indeed, even as simple a thing as improper boiler water treatment can become a cause for wet steam. 

As steam flows through the pipelines, it undergoes progressive condensation due to the loss of heat to the colder surroundings, The extent of the condensation depends on the effectiveness of the lagging. For example, with poor lagging, the steam can become excessively wet. 

Since dry saturated steam is required for process equipment, due attention must be paid to the boiler operation and lagging of the pipelines. 

Wet steam can reduce plant productivity and product quality, and can cause damage to most items of plant and equipment. Whilst careful drainage and trapping can remove most of the water, it will not deal with the water droplets suspended in the steam. To remove these suspended water droplets, separators are installed in steam pipelines.

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

A study of the steam tables would indicate that the latent heat in steam reduces as the steam pressure increases.  It is only the latent heat of steam, which takes part in the heating process when applied to an indirect heating system. Thus, it is important that its value be kept as high as possible. This can only be achieved if we go in for lower steam pressures. As a guide, the steam should always be generated and distributed at the highest possible pressure, but utilized at as low a pressure as possible since it then has higher latent heat. 

However, it may also be seen from the steam tables that the lower the steam pressure, the lower will be its temperature. Since temperature is the driving force for the transfer of heat at lower steam pressures, the rate of heat transfer will be slower and the processing time greater. In equipment where fixed losses are high (e.g. big drying cylinders), there may even be an increase in steam consumption at lower pressures due to increased processing time. There are, however, several equipment in certain industries where one can profitably go in for lower pressures and realize economy in steam consumption without materially affecting production time.
Therefore, there is a limit to the reduction of steam pressure. Depending on the equipment design, the lowest possible steam pressure with which the equipment can work should be selected without sacrificing either on production time or on steam consumption.  

4. Proper Utilization of Directly Injected Steam
The heating of a liquid by direct injection of steam is often desirable. The equipment required is relatively simple, cheap and easy to maintain. No condensate recovery system is necessary. The heating is quick, and the sensible heat of the steam is also used up along with the latent heat, making the process thermally efficient. In processes where dilution is not a problem, heating is done by blowing steam into the liquid (i.e) direct steam injection is applied. If the dilution of the tank contents and agitation are not acceptable in the process (i.e)direct steam agitation are not acceptable, indirect steam heating is the only answer. 
Ideally, the injected steam should be condensed completely as the bubbles rise through the liquid. This is possible only if the inlet steam pressures are kept very low—around 0.5kg/cm2 –and certainly not exceeding 1 kg/cm2. If pressures are high, the velocity of the steam bubbles will also be high and they will not get sufficient time to condense before they reach the surface. Figure 3.20 shows a recommended arrangement for direct injection of steam.

A large number of small diameter holes (2 to 5mm), facing downwards, should be drilled on the separate pipe. This will help in dissipating the velocity of bubbles in the liquid. A thermostatic control of steam admitted is highly desirable

5. Minimising Heat Transfer Barriers

The metal wall may not be the only barrier in a heat transfer process. There is likely to be a film of air, condensate and scale on the steam side. On the product side there may also be baked-on product or scale, and a stagnant film of product.


Agitation of the product may eliminate the effect of the stagnant film, whilst regular cleaning on the product side should reduce the scale. 


Regular cleaning of the surface on the steam side may also increase the rate of heat transfer by reducing the thickness of any layer of scale, however, this may not always be possible. This layer may also be reduced by careful attention to the correct operation of the boiler, and the removal of water droplets carrying impurities from the boiler. 

6. Proper Air Venting
When steam is first admitted to a pipe after a period of shutdown, the pipe is full of air. Further amounts of air and other non-condensable gases will enter with the steam, although the proportions of these gases are normally very small compared with the steam. When the steam condenses, these gases will accumulate in pipes and heat exchangers. Precautions should be taken to discharge them. The consequence of not removing air is a lengthy warming up period, and a reduction in plant efficiency and process performance.

Air in a steam system will also affect the system temperature. Air will exert its own pressure within the system, and will be added to the pressure of the steam to give a total pressure. Therefore, the actual steam pressure and temperature of the steam/air mixture will be lower than that suggested by a pressure gauge.

Of more importance is the effect air has upon heat transfer. A layer of air only 1 mm thick can offer the same resistance to heat as a layer of water 25 µm thick, a layer of iron 2 mm thick or a layer of copper 15 mm thick. It is very important therefore to remove air from any steam system.

Automatic air vents for steam systems (which operate on the same principle as thermostatic steam traps) should be fitted above the condensate level so that only air or steam/air mixtures can reach them. The best location for them is at the end of the steam mains.

7. Insulation of Steam Pipelines and Hot Process Equipments
Heat can be lost due to radiation from steam pipes. As an example while lagging steam pipes, it is common to see leaving flanges uncovered. An uncovered flange is equivalent to leaving 0.6 metre of pipe line unlagged. If a 0.15 m steam pipe diameter has 5 uncovered flanges, there would be a loss of heat equivalent to wasting 5 tons of coal or 3000 litres of oil a year. This is usually done to facilitate checking the condition of flange but at the cost of considerable heat loss. The remedy is to provide easily detachable insulation covers, which can be easily removed when necessary. The various insulating materials used are cork, Glass wool, Rock wool and Asbestos.



	3
	Describe with a sketch about continuous steel reheating furnace.

The main function of a reheating furnace is to raise the temperature of a piece of steel, typically to between 900oC and 1250oC, until it is plastic enough to be pressed or rolled to the desired section, size or shape.  The furnace must also meet specific requirements and objectives in terms of stock heating rates for metallurgical and productivity reasons.  In continuous reheating, the steel stock forms a continuous flow of material and is heated to the desired temperature as it travels through the furnace.

All furnaces possess the features as shown in Figure 
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· A refractory chamber constructed of insulating materials for retaining heat at the high operating temperatures.

· A hearth to support or carry the steel.  This can consist of refractory materials or an arrangement of metallic supports that may be water-cooled.

· Burners that use liquid or gaseous fuels to raise and maintain the temperature in the chamber.  Coal or electricity can be used for reheating.  A method of removing the combustion exhaust gases from the chamber.

· A method of introducing and removing the steel from the chamber.

· These facilities depend on the size and type of furnace, the shape and size of the steel being processed, and the general layout of the rolling mill.

· Common systems include roller tables, conveyors, charging machines and furnace pushers.



	4
	An uninsulated 100 mm pipe of 200m length carries steam at 10 kg/cm2.  The surface temperature measured is 1650C.  Find out the annual  cost saving achieved by insulating it with 50 mm. insulating material, which will bring the surface temperature down to 600C.  The boiler efficiency is 85%  and the fuel oil (with GCV of  10000 Kcal/kg)  cost is Rs.14000/tonne  and ambient air temperature is 300C and ambient temperature is 30oC  and annual operating hour is 8000 hours.

Ts                                      =    1650C  

Ta                                      =    300C 
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                                                       = 345 kCal/hr.m2

Existing pipe dimension                  =   Ø 100 mm & 200 m length

Existing surface area (A1)               =    3.14 x 0.1 x 200  =  62.8 m2

Surface area after insulation            =    3.14 x 0.2 x 200  =  125.6m2
Total heat loss in existing system   =     62.8 x 2261.25   =  142006.5 Kcal/hr.

Total heat loss in modified system =     125.6 x 345       =   43332 Kcal/hr

Reduction in heat loss                     =     142006.5 – 43332  = 98674.5 Kcal/hr.

Total annual heat loss                     =     98674.5   x  8000

                                                        =    7893.96 x 105  Kcal  

Calorific value of fuel                     =    10000 Kcal/ kg

Boiler Efficiency                             =    85%

Annual fuel oil saving                     =     7893.9 x  105 /1000  x 0.8

                                                        =     92869 kg/year   

Annual cost saving                          =     92869  x 14000 

                                                                    1000

Annual cost saving                          =     Rs.13,00,166/-

	5
	Write down in detail about ten  major advantages of  FBC boiler system

1. High Efficiency

FBC boilers can burn fuel with a combustion efficiency of over 95% irrespective of ash content.  FBC boilers can operate with overall efficiency of 84% (plus or minus 2%).

2. Reduction in Boiler Size

High heat transfer rate over a small heat transfer area immersed in the bed result in overall size reduction of the boiler.

3. Fuel Flexibility

FBC boilers can be operated efficiently with a variety of fuels. Even fuels like flotation slimes, washer rejects, agro waste can be burnt efficiently. These can be fed either independently or in combination with coal into the same furnace. 

4. Ability to Burn Low Grade Fuel

FBC boilers would give the rated output even with inferior quality fuel.  The boilers can fire coals with ash content as high as 62% and having calorific value as low as 2,500 kcal/kg.  Even carbon content of only 1% by weight can sustain the fluidised bed combustion.

5. Ability to Burn Fines

Coal containing fines below 6 mm can be burnt efficiently in FBC boiler, which is  very difficult to achieve in conventional firing system.

6. Pollution Control

SO2 formation can be greatly minimised by addition of limestone or dolomite for high sulphur coals. 3% limestone is required for every 1% sulphur in the coal feed. Low combustion temperature eliminates NOx formation.

7. Low Corrosion and Erosion

The corrosion and erosion effects are less due to lower combustion temperature, softness of ash and low particle velocity (of the order of 1 m/sec).

8. Easier Ash Removal – No Clinker Formation

Since the temperature of the furnace is in the range of 750 – 900o C in FBC boilers, even coal of low ash fusion temperature can be burnt without clinker formation. Ash removal is easier as the ash flows like liquid from the combustion chamber. Hence less manpower is required for ash handling.

9. Less Excess Air – Higher CO2 in Flue Gas

The CO2 in the flue gases will be of the order of 14 – 15% at full load. Hence, the FBC boiler can operate at low excess air - only 20 – 25%. 

10. Simple Operation, Quick Start-Up

High turbulence of the bed facilitates quick start up and shut down. Full automation of start up and operation using reliable equipment is possible.




          Steam loss vs Plume length  





Figure 3.20  Temperature Control for Directly 


                      Injected  Steam
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