Model Question Paper - 2006

NATIONAL CERTIFICATION EXAMINATION

FOR

ENERGY AUDITORS AND ENERGY MANAGERS

	PAPER-2: ENERGY EFFICIENCY IN THERMAL UTILITIES


General Instructions:

· Please check that this question paper contains 65 questions

· The question papers 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 Questions                           

(i) 
 Answer all question of this section.

(ii)  Each question carries one mark.

(iii) Put a (() tick mark on the appropriate box in the answer book.

	01
	The calorific value of D grade coals varies between

	
	(a)  2000 to 3000 kcal/kg

	
	(b)  3000 to 4000 kcal/kg

	
	(c)  4000 to 5000 kcal/kg

	
	(d)  5000 to 6000 kcal/kg

	
	

	02
	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

	
	

	03
	Which of the following agro-residues has the highest volatile matter content

	
	(a)  Deoiled Bran

	
	(b)  Paddy Husk

	
	(c)  Saw dust

	
	(d)  Coconut shell

	
	

	04
	With increase in the percentage of excesses air for combustion of a given fuel, percentage of CO2 in flue gas. 

	
	(a)  increases

	
	(b)  decreases

	
	(c)  remains same

	
	(d)  none of the above

	
	

	05
	The mass air to fuel ratio for coals ranges between

	
	(a)  20-25 

	
	(b)  12-14 

	
	(c)   7-8

	
	(d)   1-2

	
	

	06
	Clinker has tendency to stick to

	
	(a)  hot and rough surfaces

	
	(b)  hot and smooth surfaces

	
	(c)  cold and rough surfaces

	
	(d)  cold and smooth surfaces

	
	

	07
	Excess air level in gas burners is of the order of 

	
	(a)  1%

	
	(b)  5%

	
	(c)  11%

	
	(d)  15%

	
	

	08
	Reduction in excess air by 1% increases the boiler efficiency by

	
	a) 6%

	
	b) 0.6%

	
	c) 0.06%

	
	d) 0.006%

	
	

	09
	The recommended TDS level in boiler drum, that can be safely maintained for the water tube boiler is:

	
	a) 3000 – 3500 ppm 

	
	b) 2000 ppm

	
	c) 5000 ppm

	
	d) It can be anything

	
	

	10
	The percentage excess air required for pulverised coal fired boiler is:

	
	a) 40 – 50% 

	
	b) 15 – 20%

	
	c) 60 – 80%

	
	d) 30 – 40%

	
	

	11
	Controlled wetting of coal (during the coal preparation) would result in

	
	a) reduction in flue gas exit temperature

	
	b) decrease in the percentage of unburnt carbon

	
	c) improper combustion

	
	d) increase in the fines of coal

	
	

	12
	Good opportunity for energy savings from continuous blow down water of boiler is by ___.

	
	a) reusing the hot water so formed as make up water

	
	b) using the blow down steam to run steam turbine

	
	c) utilisation of flash steam in deaerator

	
	d) none of the above

	
	

	13
	The percentage raise in boiler efficiency by a 20 degree centigrade raise in combustion air temperature is ___.

	
	a) 0.1%

	
	b) 0.2%

	
	c) 10%

	
	d) 1%

	
	

	14
	The temperature in pulverized coal fired boiler furnaces ranges between

	
	(a)  1300-1700ºC

	
	(b)  1100-1300ºC

	
	(c)  9000-1100ºC

	
	(d)  700-900ºC

	
	

	15
	“Softening” in water treatment means

	
	(a)  removal of total salts

	
	(b)  removal of only hardness salts

	
	(c)  removal of alkali salts

	
	(d)  removal of non-hardness salts

	
	

	16
	Chemical de-aretion of feed water with hydrazine as oxygen scavenger removes oxygen

	
	(a)  but increases TDS level

	
	(b)  without any effect on TDS level

	
	(c)  but decreases TDS level

	
	(d)  none of the above

	
	

	17
	The normal velocities encountered in pipes for superheated steam is

	
	a) 50-70 m/sec

	
	b) 30-40 m/sec

	
	c) 20-25 m/sec

	
	d) 15-20 m/sec

	
	

	18
	Latent heat of steam

	
	a) decreases with pressure

	
	b) increases with pressure

	
	c) is independent of pressure

	
	d) is independent of temperature

	
	

	19
	Drain pockets are provided in a steam line for

	
	a) storage of steam

	
	b) storage of condensate

	
	c) checking of steam line

	
	d) effectively removal of  condensate from the line

	
	

	20
	The head loss in steam line for a given velocity of steam is proportional to 

	
	a) D-1 

	
	b) D-2

	
	c) D2

	
	d) D5

	
	

	21
	Failure mode of Float trap is 

	
	a) open

	
	b) closed

	
	c) none of the two

	
	

	22
	1 m lift of condensate line will generate back pressure on the drop equivalent to

	
	a) 0.7 bar

	
	b) 0.5 bar

	
	c) 0.3 bar

	
	d) 0.1 bar

	
	

	23
	A modern recuperator used for preheating of combustion air by heat recovery from flue gas can save energy upto

	
	a) 50%

	
	b) 30%

	
	c) 10%

	
	d) 5%

	
	

	24
	Convective Recuperators are not used for flue gas temperature of more then 

	
	a) 300ºC

	
	b) 500ºC

	
	c) 700ºC

	
	d) 900ºC

	
	

	25
	Relation to estimate percentage of flash steam generated is given by

	
	a) (h1f-h2f)/h2fg

	
	b) (h1f-h2f)/h1fg

	
	c) h1f/h2fg

	
	d) h2f/h1fg

	
	

	26
	The hearth pressure in the heating zone of furnace should be:

	
	a) Slightly negative pressure

	
	b) Slightly positive pressure

	
	c) High negative pressure

	
	d) High positive pressure

	
	

	27
	In case of film burners, the excess air level maintained for optimum combustion is of the order of ___.

	
	a) 20-25%

	
	b) 5 to 10%

	
	c) 15 to 20%

	
	d) none of the above

	
	

	28
	The emissivity of ceramic coatings used in furnace:

	
	a) decreases with increase in temperature

	
	b) Increases with increase in temperature

	
	c) remains constant

	
	d) decreases with increase in furnace pressure

	
	

	29
	Instrument used for measuring billet temperature in a reheating furnace is ___.

	
	a) thermograph

	
	b) infrared pyrometer

	
	c) Pt/Pt-Rh thermocouple with indicator

	
	d) chrome alumnel thermocouple with indicator

	
	

	30
	Thermal efficiency of reheating furnace is of the order of

	
	a) 70 to 80%

	
	b) 65 to 70%

	
	c) 40 to 50%

	
	d) 20 to 40%

	
	

	31
	Which of the following is inorganic insulating material

	
	a) Expanded Polystyrene

	
	b) Poly Urethane

	
	c) Mineral wool

	
	d) None of the above

	
	

	32
	Which of the following when added to alumina silicate helps to reduce the shrinkage level level of ceramic fibre

	
	a) Zr O2

	
	b) SiO2

	
	c) Al2O3

	
	d) CaSo2

	
	

	33
	‘Ceramic fibre insulation’ is suitable up to temperature of

	
	a) 540 °C

	
	b) 1050 °C

	
	c) 1430 °C

	
	d) 1850 °C

	
	

	34
	The coefficient of thermal expansion of refractory material should be ___.

	
	a) low

	
	b) High

	
	c) Medium

	
	d) very high

	
	

	35
	The bed temperature for a FBC boiler ranges between----------

	
	a) 750 – 800°C

	
	b) 840 – 950 °C

	
	c) 950 - 1000°C

	
	d) 1000 - 1200°C

	
	

	36
	FBC boiler has an advantage of:

	
	a) Burning high quality coal

	
	b) Burning variety liquid fuels

	
	c) Burning wide variety of coal

	
	d) None of the above

	
	

	37
	The coal particle size used for CFBC boiler is in the range of:

	
	a) 5 – 6 mm

	
	b) 6 – 12 mm

	
	c) 12 – 15 mm

	
	d) 15 – 25 mm

	
	

	38
	Popular type of boiler used for combined cycle power generation application is

	
	a) CFBC

	
	b) AFBC

	
	c) PFBC

	
	d) All the above

	
	

	39
	In a CFBC boiler the capture and receiving of bed material is accomplished in

	
	a) Setteling chamber

	
	b) Cyclone

	
	c) Back filter

	
	d) Scrubber

	
	

	40
	The fluidizing velocity in is AFBC Boilers range between

	
	a) 7.1 m/s-9.2m/s

	
	b) 3.2 m/s-5.1m/s

	
	c) 1.2 m/s-3.7m/s

	
	d) 0.12m/s-0.37m/s

	
	

	41
	In a shell and tube heat exchanger, the higher pressure

	
	a) liquid flows inside the tubes

	
	b) gas flows inside the tubes

	
	c) liquid flows on the shell side

	
	d) gas flows on the shell side

	
	

	42
	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

	
	

	43
	Direct contact heat exchangers are used for heat exchange

	
	a) exchange between two steams of miscible liquids

	
	b) between two steams of immiscible liquid

	
	c) between two steams of vapours

	
	d) between vapour and liquid streams

	
	

	44
	The major limitation of metallic recuperator is -------

	
	a) limitation of handling COx, NOx etc.

	
	b) limitation of reduced life for handling temperature more than 1000 ºC

	
	c) manufacturing difficulty of the required design

	
	d) none of the above

	
	

	45
	Typical waste gases temperature from glass melting furnace

	
	a) 1000-155 ºC

	
	b) 800-950 ºC

	
	c) 650–750 ºC

	
	d) 760-815 ºC

	
	

	46
	In a low to medium temperature waste heat recovery system which of the device is most suitable

	
	a) economizer

	
	b) heat wheels

	
	c) air preheater

	
	d) recuperator

	
	

	47
	In a glass industry, exhaust gas from the glass melting furnace is used for power generation by installing steam boiler and turbine. Then the type of co-generation is called as:

	
	a) gas turbine

	
	b) diesel generator

	
	c) topping cycle

	
	d) bottom cycle

	
	

	48
	Heat to power ratio in a paper industry is in the range of ------------

	
	a) 1.1 – 4.5

	
	b) 1.5 – 2.5

	
	c) 0.8 – 3.0

	
	d) 1.5 – 2.5

	
	

	49
	Air compressor alone consumes about ------- of the energy generated in a gas turbine

	
	a) 20-30%

	
	b) 30-40%

	
	c) 40-50%

	
	d) 50-60%

	
	

	50
	Which one of the following cannot be used as fuel for the gas turbine:

	
	a) naphtha

	
	b) LPG

	
	c) natural gas

	
	d) LSHS


Section II: Short Descriptive Questions
(i) Answer all TEN of the following questions.

(ii)        Each question carries FIVE marks

	S-1
	Discuss need of providing excess air for combustion.  What is the disadvantage of providing too much of excess air.



	Ans.
	Optimizing Excess Air for Combustion

In practice, mixing is never perfect, a certain amount of excess air is needed to complete combustion and ensure that release of the entire heat contained in fuel oil. If too much air than what is required for completing combustion were allowed to enter, additional heat would be lost in heating the surplus air to the chimney temperature. This would result in increased stack losses. Less air would lead to the incomplete combustion and smoke. Hence, there is an optimum excess air level for each type of fuel. For complete combustion of every one kg of fuel oil 14.1 kg of air is needed.



	S-2
	Calculate the blow down rate for a boiler with an evaporation rate of 5 tons/hr, if the maximum permissible TDS in boiler water is 4000 ppm and with 15 % make up water addition. The feed water TDS is around 300 ppm.



	Ans.
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Percentage blow down = 300 x 15 / (4000-300) = 1.22%

For boiler evaporation rate is 5000 kg/hr then required blow down rate is : 

       = 5000 x 1.22/100 = 60.8 kg /hr




 

	S-3
	Write relation to determine percentage loss due to evaporation of water formed due to H2 in the fuel.



	Ans.
	% of heat loss = 9 x percentage  of hydrogen in fuel 
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Where Tf is the flue gas temperature in ºC and Ta is the ambient air temperature in ºC. 



	S-4
	Why steam condensate recovery is important? Explain.



	Ans.
	The condensate is very valuable not only because of its heat content but also because of its purity. It is already treated and any quantity of condensate recovered will also mean saving of treatment chemicals corresponding to that much of condensate.



	S-5
	Explain why group trapping is not recommended



	Ans.
	The steam consumption of a number of units is never the same at a moment of time and therefore, the pressure in the various steam spaces will also be different. It follows that the pressure at the drain outlet of a heavily loaded unit will be less than in the case of one that is lightly or properly loaded. Now, if all these units are connected to a common steam trap, the condensate from the heavily loaded and therefore lower pressure steam space finds it difficult to reach the trap as against the higher pressure condensate produced by lightly or partly loaded unit. The only satisfactory arrangement, thus would be to drain each steam space with own trap and then connect the outlets of the various traps to the common condensate return main as shown in above.



	S-6
	How does ceramic coatings help in reducing energy consumption in a furnace?



	Ans.
	Ceramic coatings in furnace chamber promote rapid and efficient transfer of heat, uniform heating and extended life of refractories. The emissivity of ceramic-coated refractories increases with increase in temperature. Energy savings to an order of 8 to 10% can be achieved for high temperature applications.

	S-7
	List typical refractories used in the Industry.



	Ans.
	a) Fireday refractory

b) High Alumina refractory

c) Silica Brick

d) Magnesite

e) Chromite refractory

f) Zinconia refractory

g) Oxide (alumina) refractory

h) Monolithics



	S-8
	List advantages of CFBC boilers over AFBC boilers.



	Ans.
	· Higher processing temperature because of high gas velocity through the system.

· Lower combustion temperature of about 870 oC can be achieved constantly, which results in minimal NOx formation.

· The combustion air is supplied at 1.5 to 2 psig rather than 3 to 5 psig as required by bubbling bed combustors.

· Higher combustion efficiency.

· Better turndown ratio.

· Erosion of heat transfer surface in the combustion chamber is reduced, since the surface is parallel to the flow. In AFBC system, the surface is generally perpendicular to the flow.




	S-9
	Explain the conditions under which cogeneration can be most attractive.



	Ans.
	Cogeneration is likely to be most attractive under the following circumstances:

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.

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

The ratio of heat to power required by a site may vary during different times of the day and seasons of the year. Importing power from the grid can make up a shortfall in electrical output from the cogeneration unit and firing standby boilers can satisfy additional heat demand. Many large cogeneration units utilize supplementary or boost firing of the exhaust gases in order to modify the heat: power ratio of the system to match site loads.


	S-10
	What are the major points to be considered for developments of WHRS?



	Ans
	Understanding the process is essential for development of Waste Heat Recovery system. This can be accomplished by reviewing the process flow sheets, layout diagrams, piping isometrics, electrical and instrumentation cable ducting etc. Detail review of the following documents will help in identifying:

a)  Sources and uses of waste heat

b) Upset conditions occurring in the plant due to heat recovery

c)  Availability of space

d) Any other constraint, such as dew point occurring in an equipments etc.

After identifying source of waste heat and the possible use of it, the next step is to select suitable heat recovery system and equipments to recover and utilize the same.




Section III: Long Descriptive Questions
(i)
Answer all FIVE of the following questions.

(ii) Each question carries TEN marks

	L-1
	Enumerate reasons for incomplete combustions of solid, liquid and gaseous fuels.



	Ans.
	Incomplete Combustion

Incomplete combustion can arise from a shortage of air or surplus of fuel or poor distribution of fuel. It is usually obvious from the colour or smoke, and must be corrected immediately. In the case of oil and gas fired systems, CO or smoke (for oil fired systems only) with normal or high excess air indicates burner system problems. A more frequent cause of incomplete combustion is the poor mixing of fuel and air at the burner. Poor oil fires can result from improper viscosity, worn tips, carbonization on tips and deterioration of diffusers or spinner plates.

With coal firing, unburned carbon can comprise a big loss. It occurs as grit carry-over or carbon-in-ash and may amount to more than 2% of the heat supplied to the boiler. Non-uniform fuel size could be one of the reasons for incomplete combustion. In chain grate stokers, large lumps will not burn out completely, while small pieces and fines may block the air passage, thus causing poor air distribution. In sprinkler stokers, stoker grate condition, fuel distributors, wind box air regulation and over-fire systems can affect carbon loss. Increase in the fines in pulverized coal also increases carbon loss.


	L-2
	Explain why dry saturated steam is preferred over wet or super heated steam for process.  Describe various precaution/measures one must take to supply saturated steam.



	Ans.
	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.

The steam produced in a boiler designed to generate saturated steam is inherently wet. Although the dryness fraction will vary according to the type of boiler, most shell type steam boilers will produce steam with a dryness fraction of between 95 and 98%. The water content of the steam produced by the boiler is further increased if priming and carryover occur.
A steam separator may be installed on the steam main as well as on the branch lines to reduce wetness in steam and improve the quality of the steam going to the units. By change of direction of steam, steam seperators causes the entrained water particles to be separated out and delivered to a point where they can be drained away as condensate through a conventional steam trap. 


	L-3
	In an industry one 40 kWh operating load, electrical furnace to be converted into oil fired furnace. Estimate the furnace oil (litre) requirement, considering the following:

Calorific value of FO                                                     : 9800 Kcal/kg

Density of FO (kg/litre at 15 °C)                                   : 0.95

Efficiency of electrical furnace                                      : 72%

Efficiency of FO fired furnace                                       : 50%



	Ans.
	Operating electrical load                                                : 40 kwh

Efficiency of electrical furnace                                      : 72%

Useful heat                                                                     : 40 x 860 x 0.72 = 24768 kcal

For meeting useful heat required FO                             : 24768/9800 = 2.527 kg

Efficiency of FO fired furnace                                       : 50%

Net FO required to meet useful heat                              : 2.527/0.5 = 5.055 kg

Estimated furnace oil quantity                                       : 5.055/ 0.95 = 5.32 lit/hrs



	L-4
	List major advantage of fluidised bed combustion.



	Ans.
	Advantages of Fluidised Bed Combustion Boilers
01. High Efficiency

02. Reduction in Boiler Size

03. Fuel Flexibility

04. Ability to Burn Low Grade Fuel

05. Ability to Burn Fines

06. Pollution Control

07. Low Corrosion and Erosion

08. Easier Ash Removal – No Clinker Formation

09. Less Excess Air – Higher CO2 in Flue Gas

10. Simple Operation, Quick Start-Up

11. Fast Response to Load Fluctuations

12. No Slagging in the Furnace-No Soot Blowing

13. Provisions of Automatic Coal and Ash Handling System

14. Provision of Automatic Ignition System

15. High Reliability

16. Reduced Maintenance

17. Quick Responses to Changing Demand

18. High Efficiency of Power Generation



	L-5
	Explain the principles of ‘Heat pump’.



	Ans.
	Heat must flow spontaneously “downhill”, that is from a system at high temperature to one at a lower temperature. It is possible to reverse the direction of spontaneous energy flow by the use of a thermodynamic system known as a heat pump. This device consists of two heat exchangers, a compressor and an expansion device. A liquid or a mixture of liquid and vapor of a pure chemical species flows through an evaporator, where it absorbs heat at low temperature and, in doing so, is completely vaporized. 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. The vapor flows through a condenser where it gives up its energy as it condenses to a liquid. The liquid is then expanded through an expansion valve back to the evaporator 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.

The heat pumps have the ability to upgrade heat to a value more than twice that of the energy consumed by the device. The potential for application of heat pump is growing and number of industries have been benefited by recovering low grade waste heat by upgrading it and using it in the main process stream.

Heat pump applications are most promising when both the heating and cooling capabilities can be used in combination. One such example of this is a plastics factory where chilled water from a heat is used to cool injection-moulding machines whilst the heat output from the heat pump is used to provide factory or office heating. Other examples of heat pump installation include product drying, maintaining dry atmosphere for storage and drying compressed air.
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