PART A

1. State thermodynamic law
x Zeroth law refers to thermodynamic equilibrium and temperature
x First law refers to heat, work and energy
x Second law refers to entropy

2. State zeroth law of thermodynamics:
ATwo s yst e meuilibriom with @ thimaystem are in thermal equilibrium
with each ot her o

3. State First law of thermodynamics and energy conversion.

x  The first law of thermodynamics is often called as Law of conversion of energy. This
law suggests that energy can bensferred from one system to another in many forms. Also, it
cannot be destroyed or created.

4. State second and third law of thermodynamics:

x The second law of thermodynamics another state variable called entropy.
In any closed system, the entropy of testem will either a thermodynamic process, the
system can never completely return precisely the same state it was in before.

x  The third law of thermodynamics states that if all the thermal motion of molecules
(kinetic energy) could be removed, a statesthdbsolute zero will occur. Absolute zero results
in a temperature of 0 Kelvin e273.15 Celsius.

5. What is thermodynamic cycle? OtExplain basic thermodynamics cycles? (Nov/Dec14)

x A Thermodynamic cycle is a series of thermodynamic procdassesferring heat and
work, while varying pressure, temperature, and other state variables, eventually returning g
system to its initial state.

6. List the various thermodynamic processes:

1. Adiabatic processa process with no heat transfer into or out ef th
system

2. Isochoric processa process with no change in volume, in such case the system does
no work

3. Isobaric processa process with no change in pressure

4. Isothermal process process with no change in temperature

7. What is meant by power plant?

x Power can be defined as the rate of flbw of energy and state that a power plant is a uni
built for production and delivery of a flow of mechanical work and electrical energy. A
machine or assembling of equipment that produces and delivers a flow of etz
electrical energy is a power plant.

8. List the factors of power plant performance.
x The performance of a power plant can be expressed through some common
performance factors as
Heat rate
Capacity factor
Economic efficiency
Load factor




U Operational efficiency

9. What are available energy sources for various power plants?
x Conventional energy sources or Naamewable energy sources
x Non conventional energy sources or Renewable energy sources

10. What are the major power limitations of conventional energy sources?
Resources for power generation i.e, coal, gas etc., are limited
The hydro power is seasonal and varies depending upon the rainfall in the catchmen
areas.
Submersion of land area dueraise in water level
Centralized power generation and distribution of the same to long distances will result
in high losses.
The energy conversion process from thermal power projects results in emission of
green house gases.

10. List out the various conventional and non conventional power plant:
Types of conventional power plant:
1. Hydro power plant
2. Steam power plant
3. Nuclear power plant
4. Gas turbine power plant
Types of norconventional power plant:
. Tidal power plant
. Wind power plant
. Geothermal power plant
. Solar power plant
. Wave power plant
. MHD Generation

12. What is hydraulic/ Pneumatic type ash handling system?

x The hydraulic system carried the ash with the flow of water high velocity through a
channel and finally dumps into a sump. The hydraulic system is divided into a low velocity and
high velocity system.

x The advantages of this system are that its cleane laagh handling capacity,
considerable distance can be traversed, absence of working parts in contact with ash

x In pneumatic type ash handling is the most popular method used in medium level power
plants. It uses dense phase conveying system for conveying tally enclosed without any
leakage. The system can convey materials up to distance of arour@2bRO@its.

13. List the challenges of ash handling:
Indian coal contains high ash content generally which tends to be inconsistent.
Design of the systemal to adequately cover anticipated variations and be capable of
handling the worst scenario.
System has to be environmentally friendly.
System has to be energy efficient

14. Comment on thermal efficiency of a steam power plant.(Dec 201@OV/DEC 2017)

x Due to practical limitations in heat transfer, all the heat produced by combustion is
not transferred to the water; some is lost to the atmosphere as hot gases.
x  The coal contains moisture. Also coal contains a small percent of Hydrogen, which
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also gets coverted to moisture during combustion.

In the furnace, moisture vaporizes taking Latent heat from the combustion heat and
exits the boiler along with the hot gases.

Improper combustion of coal, hot ash discharged from the boiler and radiation are
some ofthe other loses

15. What are all the types of Mechanical drafts?
There are three types of mechanical drafts: They are:
x Induced draft
x  Forced draft
x Balanced draft

16.What is Deaeration?
x Mechanical and chemical deaeratia an integral part of modern boiler water

protection and control. Deaeration coupled with other aspects of external treatment, provideg
the best and highest quality feed water for boiler use.

17. What is the Function of deaeration? (May/June 2012)
The purmse of deaeration is:
x To remove oxygen, carbon dioxide and other non condensable gases from feed water.
To heat the incoming makeup water and return condensate to an Optimum temperature
Minimizing solubility of undesirable gases.
Providing the highesetmperature water for injection to the boiler.

18. What are the types of deaerators?
x Tary-Type Deaerating heaters .
x SprayType Deaerating heaters

19. What is meant by cooling Towers?
x It is a tower or building like device in which atmospheric air circulatedirect or
indirect contact with warmer water and water is thereby cooled. Cooling towers may either use
the evaporation of water to remove process heat and cool the working fluid.

20. List the types of cooling towers:
1.Evaporative or wet cooling tower
2.Nonevaporative or dry cooling tower

(a) Air cooled condensers
(b)Air cooled exchangers

21. List the types of cooling functions to condense the steam:
x Oncethrough wet cooling
x Recirculating wet cooling
x  Dry cooling

22. List the factors to be considered while choosing a site for steam power station:
Supply of fuel
Availability of water
Transportation facilities
Cost and type of land
Nearness to load centres
Distance from populated area




23. List the thermal power plant in Tamilnadu.
x  Alathiur(2*18MW), Tamilnadu, Madras cements

x  Ennore(2*60MW,3*110MW) Tamilnadu Electricity Boar
x  Neyveli(6*50MW,2*100MW) TamilnaduNeyveli lignite corp Ltd.

24. Define super heater: (Nov/Dec 2012) &What is the function of super heaters in a
thermal plant?(may/june 15)
x A Super heater is a device used to convert saturated steam into a dry steam used fo

power generation or processes steam which has been super heated is known as superheajpd
steam.

25. List the types of super heaters:
1. Radiant super heateabsorb heat by radiation
2. Convention super heatabsorb heat via a fluid
3. Separately fixed super heateitsis totally separated from the boiler

26. Name the four major circuits in steam power plant.
1. Coaland ash circuit
2. Air and flue gas circuit
3. Feed water and steam circuit
4. Cooling water circuit

27. What consists of air and flue gas circuit?

x Air and flue gas circuit consists of forced draught fan, airh@ater, boiler, furnace,
super heategconomizer, dust collector, induced draught fan and chimney.

28.What are functions of a draught system? (May 20)@nay/june 16)
The functions of draught is

1. To supply the required quantity of air to the furnace

2. Toremove the burnt gases from the furnace.

29.How the combustion rate of the system increasé&d
Combustion rate is increased

x  Thermal efficiency is increased

x Fuel feed rate is increased

30How the combustion equipment for burning coal is classified? (May 2012)
Combustion equipment for burning coal is classified based on the following:
() Type of furnace
(i) Method of coal firing such as:
(a) Hand firing
(b) Stoker firing
(c) Pulverized fuel firing.
(ili) Method of air supply to the furnace. It is necessary to provide adequate quantity of
secondary air with sufficient turbulence.
(iv) Type of burners used.
(v) Mixing arrangement of fuel and air

31 What is the function of cooling towe r?
x Cooling tower is used to control the temperature of water required for the plant. It
reduces the water consumption of the plant.
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32What are the different types of draught system? (Nov 2011)
a) Forced draught
b) Induced draght
C) Natural draught

33Mention the uses of fly ash. (May 2010)
x Fly ash improves the concrete performance to make it strong, more durable, and more
resistant to chemical attack. Fly ash also provides some good benefits for our
environment.

34. What are the methods used for handling of coal?
x By sea or Transportation
x  Byriver Transportation
x By rail Transportation
x By rope ways Transportation by road

35.What are the types of miles used for pulverizing the coal?
x  Ball mill
x Ball and race mill Impact or hammaenill Bowl mill

36. What are the types of pulverized fuel system?
x Unit system
x Central system

37. What are the all the types of pulverized fuel burners?
U- flame burner
Turbulent burner
Tangential burner
Cyclone burner

. What are the types of coal?
Peat
Lignite
Bituminous coal
Anthracite coal

. What are the steps involved in plant handling of coal?
Preparation
Transportation
Storage
Weighing

40. What are the modern methods used in ash handling system? (APRIL/MAY 2010)
Mechanical handling
Hydraulic system
Pneumatic system
Steam jet system

41. What is cyclone separator?
x Cyclone separator is a dust cleaning device it is used retheweust from the fly ash.
The cyclone separator produces the whirling motion of the gas within the chamber and throws




the heavy dust particles to the sides and fallout in the colour.

42. What is the mechanism of pulverised firing system? (Dec 08)
x In this, the coal reduced to a fine powder with the help of grinding mill and the
projected into the combustion chamber with the help of hot air. The amount of secondary air
to complete the combustion is supplied separately.

43. What are the different types of moling tower? (Dec 09)
x Natural draft sprays filled tower
x Natural draft pached type tower
x Hyperbolic cooling tower
x Induced draft tower

44. What is pulverization?
x It is the method of mining the coal in the form of powder Pulverization is done by
varioustypes of pulverising mills.

45. What is dry cooling tower?
x |t offers a solution to the problem of thermal pollution of water. The dry cooling system
rejects the heat directly to the atmosphere.

46. What are the limitations of chimney draught?
x  The maximunpressure available is 10 to 20mm of water under normal atmosphere
and flue gas temperature
x  The flue discharged to at high temperature resulting loss in efficiency of the plant

47. What is the function types of water distribution system used in cooling towe r?
x  Gravity flow
X Spray nozzle
x Rotating distribution system

48. What are the different impurities in feed wate r?
x Undissolved and suspended solids
x Dissolved salts and minerals
x Dissolved solids

49. Write the use of water level indicator in a boiler? (Nov/Dec 2013)

x Water level indicator is used to measure water levels in standpipes. Its main function is
to indicate the level of water in the boiler constantly.

x Every boiler isnormally fitted with two water level indicators.

50. What is cooling tower approach?
x The temperature difference between WBT of incoming air and outgoing temperature of
water is known as cooling tower approach

51.Why thermal power plant is notsuitable for supplying fluctuating loads?

x Due to the energy output fluctuations, wind power plants cause problems regarding
energy transfer, reduced availability for meteorological reasons and the resulting required
"Hour reserve from conventional thernplwer plants”.

52.What are the types of oil burners?
x Steam (or) air atomizer oil burner




x Pressure atomizer with tangential oil feed

53 What is function of hot primary air?(Nov/Dec 2013)

x The purpose of the air pre heater(hot primary air) setmver the heat from the boiler
flue gas which increases the thermal efficiency of the boiler by reducing the useful heat lost in
the flue gas.

54. State the characteristics of good ash handling plant.(May 2011)

x Ash handling plant removes of rock origimay from mine roof, removes of ash forming
and sulphur bearing minerals, dries to remove excessive surface moisture and blends th
different coals to achieve desired physical and chemical properties.

55. What do you understand by the term boile r draughti{May 13) (Nov/Dec 2016)

x Draught is defined as the moment of air through full bed and produces a flow of hot
gases to the boiler and chimney requires are pressure difference between gas pressure and a
Pressure.

56. Define fluidized bedcombustion? (Nov/Dec 2010)

x When the high velocity gas is passed through a packed bed of finely divided solid
particles, the particles become suspended in the gas stream and the packed bed becomedg] a
fluidized bed.

x When the gas velocity is very high, theidized bed become turbulent and rapid
mixing of particles occurs.

x Ultimately, the, behavior of mixture solid particles and gas become a fluid. Burning of a
fuel in such a state is known as Fluidized Bed Combustion. The boiler plant using this fluidized
bed combustion is known as fluidized bed boilers.

57.What are the accessories and mountings used in a boiler? (May 13)
The different boiler mountings are
Water gauge (or) water level indicator
Pressure gauge (or) steam gauge
Safety valves
Fusible plug
Stop valve
Blow off cock
Feed check valve
The different boiler accessories are
Economizer
Air Pre-heater
Soot Blowers
Condenser
Cooling Tower
Super heater
Reheater

58.What is the necessity of feed pump in a thermal power plant?
x  The feed pump ieequired to force the water in to the boiler which is under pressure.
x Safe operating of boilers requires highly dependable functioning of feed water
equipment and standby feed pumps are installed for this purpose.

59.DefinepH.Why high pH value is preferred to prevent the corrosion?(May/June 15)
x pH is a measure ofthe hydrogen ion concentration of a solution.
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x  Solutions with a high concentration of hydrogen ions have a low pH and solutions with
low concentrations of H+ ions have mlhn pH

x A higher pH means there are fewer free hydrogen ions, so it is preferred to prevent the
corrosion

60.What are the methods of controlling fan? What are the disadvantages of FD
fans?(Nov/decl4)

Methods of controlling fan:

()Voltage Regulation

(iProgrammable

(i Thermal Speed Control

(iv)External Controllers

x The drawbacks of FD fans are: leakage and uniform distribution problem of air due to

high velocity from the fan.lthe induced draft cooling towers moist air is discharged higher in
the atmosphere thereby dispersing to a greater distance from the tower.

61.Describe the steps involved in the inplant handling of coal?(may/june 14)

| Coal Delivery |

| Unloading |

]

Preparation

Transfer

Outdoor Storage
{Dead Storage

Covered Storage
(Live Storage)

v

In Plant Handling

w

Weighin
’ a%d g

Measuring

!

| Furnace

62.What is the differe nt pollution in the flue gas?
x Oxides of nitrogen
Oxides of sulphur
Carbon monoxide
Particulates

63.What are the methods used for reduction of S£&pollutant?
x Adding lime stone (cagdto the coal
x Using wet scrubbers
x Using electro statiprecipitator

64.What are the methods used for controlling the! k.
x Reduction of temperature in combustion zone
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x Reduction of residence time in combustion zone
X Increase in equivalence ratio in the combustion zone
65.What is acid rain?
x  The CQ, SGQ andNOx contact the water during rainy season. $8® and HNO3
acids are formed and mixed with water during the rainfall.

66.What are the equipments used to control the particulates?
x Scrubbers
Cyclone separators
Fabric filter
Electro static precipitator

67. State the characteristics of good ash handling plant.(May 2011)

x Ash handling plant removes of rock originating from mine roof, removes of ash forming
and sulphur bearing minerals, dries to remove excessive surface moisture and blends th
different coals taachieve desired physical and chemical properties.

68. What do you understand by the term boile r draught? (May 13)

x Draught is defined as the moment of air through full bed and produces a flow of hot
gases to the boiler and chimney requires are presdemedite between gas pressure and
atmospheric presuure.

69. What is heat rate? Nov-Dec 2016
x The economy or efficiency of a steam power plant cycle is expressed in terms of heat
rate, which is total thermal input to the cycle divided by the electrical output of the units.

70. What is Steam Raté&ov-Dec 2016

x The actual steam rate of a turbine can be determined by dividing the actual throttle
steam flow rate by the actual corresponding kilowatts, at the generator terminals, produced b
that amount of steam. The actual steam rate can also be determined mgdhediheoretical
steam rate by the engine efficiency of the turbine generator.

71. What is meant by supercritical boiler?(Nov/Cec 15§Apr/May 2018)
x A supercritical steam generatois a type ofboiler that operates asupercritical
pressure, frequentlysad in the production of electric power.

72. What is pulveriser and why it is used?( Nov/dec 15)

x A pulverizer or grinder is a mechanical device for the grinding of many different types
of materials.for example pulveriser mill is used to pulverize coatdonbusion in the steam
generating furnace of fossil fuel power plant.

73. What are once through boilers?(may/june 16)
x The boiler in which waterflows, without recirculation ,sequentially through the
economizer ,furnanceall and evaporating and superheating tubes are called as once
through boilers
74. Define compounding of steam turbines?[Apr/May 2017]
Compounding of steam turbinésthe method in which energy from thamis extracted in a
number of stages rather than a single stageumnbane
/5. What is stroker? Classifyit? [Apr/May 2017]

A mechanical stokeis a mechanical system that feeds solid fuel tkel coke or
anthraciteinto thefurnaceof asteam boileypes: over feed, cross feed, under feed.
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76. Reason out why cogeneration is quite viable in sugar industries compared to that in
other industries? (NOV/DEC 20T7)

x In cogeneration plantthe low pressure steam coming from turbine is not condense to
form water, instead of it its used for heating or cooling in building and factories, as this low
pressure steam from turbine has high thermal energy.

x  Thecogeneration pant has high efficiency of around 800 %. In India, the potential
of power generation from cogeneration plant is more than 20,000 MW.

77. What are Binary Cycle? (APR/MAY 2018)
Binary Vapour Cycle

x No single fluid can meet all the requirements of vapour power cycle.Normally water is
good working fluid of vapour power cycle.But in high temperature range,there are few better
fluid available,such as diphonyl ether,aluminium bromide and mercury.

x Among threse,fluids,mercury is widely used as working fluid because it does not
decompose gradually at high temperature.




PART B
1. Explain layout of thermal (or) Steam power plant. (Dec 2010,11,May 10,11) (or) Draw
the Rankin cycle for a coal fired and steam thermal power plant, State the means of
increasing the efficiency of the plant.(DEC 2012) or Draw the layout of modern steam
power plant and explain its working principle?(May/June 14) or Explain with neat sketch
of thermal electric power plant station and discuss the fuction of major components in
it.(Nov/dec 15)(Nov/Dec 2016)

Principle
x The chemical energy of the fuel is converted into heat energy in the boiler which is
converted into mechanical energy by the steamirterb
Mechanical energy is used for generating power with the help of generator.

The steam turbine works based on Rankine cycle.

Rankine Cycle:
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Rankine Cycle
x Steam is generated in a boiler, expanded in the prime mover and condensed in the
condenserand fed into the boiler again.

Isentropic compression in a pump
Constant pressure heat addition in a boiler
Isentropic expansion in a turbine

Constant pressure heat rejection in a condenser

Steam power plant
x The heat energy is converted into mechanical energy by the steam turbine and thaf
mechanical energy is used for generating power with the help of generator.
A steam power plant must haveollowing equipment:
(@) A furnace to burn the fuel.
(b) Steam generator or boiler containing water. Heat generated in the furnace is
utilized to convert water into steam.
(c) Main power unit such as an engine or turbine to use the heat energy of Steam and
perform vwork.
(d) Piping system to convey steam and water.
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x In addition to the above equipment the plant requires various auxiliaries and accessories
depending upon the availability of water, fuel and the service for which the plant is intended.

The layout of the steam power plant .:
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Fig . Shows a sche matic arrangement of a steam power station
Four main circuits of steam power plant:
1.coaland ash circuit
2.Air and flue gas circuit
3.Water and steam circuit
4.Cooling water circuit

Characteristics of steam power plant:
1.Low cost compared with hydro power plant
2.Reduced water requirement
3.Higher reliability and availability
x A steam power plant using steam as working substance works basically on Rankine
cycle. Steam is generated in a boiler, expanded in the prime mover and condensed in th
condenser and fed into the boiler again.

The different types of systems and components used in steam power plant are as follows:
(&) High pressure boiler
(b) Prime mover
(c) Condensers and cooling towers
(d) Coal handling system
(e) Ash and dust handling system
(f) Draught system
(g) Feed water purification plant




(h) Pumping system
() Air pre heater, economizer, super heater, feed heaters.

Coal and ash circuit:
In this circuit, thecoal from the storage is fed to the boiler through coal handling
equipment for the generation of steam.
Ash produced due to the combination of coal is removed to ash storage through as
handling system.

Indian coal normally contains 30 to 40% of ash andceesufficient space is necessary
nearer to the power plant for ash disposal.
Air and flue gas circuit:
x Air is supplied to the combustion chamber of the boiler either through F.D. or I.D. fan
or by using both.
x The dust from the air is removed befenmgplying to the combustion chamber through
air filter and passes through air pre heater where air is preheated by using the waste hea
from the flue gases flowing through the chimney.
After burning is completed, the heat is transferred to the boilervie¢er through the
hot gases to generate steam.
The flue gases are then exhausted to the atmosphere through economizer, air pre heatdjr
to recover the waste heat and then to dust collector to remove the dust from it before
passing through chimney.
Feed waterand steam flow circuit:
This circuit consists of boiler feed pump. Boiler, turbine, feed heaters and feed pumps.
The steam generated in the boiler is fed to the steam turbine to develop the power. Afte
expansion, the low pressure steam is condensee ioothde nser.
The condensate leaving the condenser is first heated in low pressure heater and then i
high pressure heater by using the steam tapped from various extraction points of the
turbine.
This hot water is then supplied back to the boiler througim@amizer where the hot
water is further heated by flue gases.
Cooling water circuit:
x  This circuit consists of circulating water pumps, condenser, cooling water pumps and
cooling tower.
x Water circulating through the condenser may be takes frarnugasources such as
river, lake or sea.
The cooling water is taken from upper side of the river and heated water is discharged
to the lower side of the river. Such system is called open system. Which is possible if
adequate water is available throughthat air?
If the adequate water is hot available, then water coming out from the condenser is
coded either in cooling pond or cooling tower. This is closed system. But open system
is more economical than closed one.
Operation of steam power plant
x Coal received in coal storage yard of power station is transferred in the furnace by coal
handling unit. Heat produced due to burning of coal is utilized in converting water
contained in boiler drum into steam at suitable pressure and temperature.
The stam generated is passed through the super heater. Superheated steam then flo
through the turbine. After doing work in the turbine the pressure of steam is reduced.
Steam leaving the turbine passes through the condenser which is maintained the lo
pressue of steam at the exhaust of turbine.
Steam pressure in the condenser depends upon flow rate and temperature of cooling
water and on effectiveness of air removal equipment.
Water circulating through the condenser may be taken from the various souttes suc
river, lake or sea.
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If sufficient quantity of water is not available the hot water coming out of the condenser
may be cooled in cooling towers and circulated again through the condenser.
Bled steam taken from the turbine at suitable extraction pasnsent to low pressure
and high pressure water heaters.
Air taken from the atmosphere is first passed through the aihgater, where it is
heated by flue gases. The hot air then passes through the furnace.
The flue gases after passing over boiled superheater tubes, flow through the dust
collector and then through economiser, air-peaterand finally they are exhausted to
the atmosphere through the chimney.
Site selection for thermal plant:
1. Availability for coal
2. Ash disposal facilities
3. Natureof land
4. Availability of water
5. Transport facilities
6. Other factors (availability of labours, public problems, size of the plants)
Advantages:
1. Power production does not depends on nature of mercy
2. Initial investment is low
3. The time requirement for construction and commissioning of thermal power plant
require less period of time
Drawbacks:
1. As compared to hydro power plant, life and efficiency are less
2. Transportation of fuel is a major problem in this type of power plant
3. It cannot be used as a peak load power plant
4. The coal (fuel) needed may be exhausted by gradual use.

2. What are all the methods to improve thermal efficiency of a Rankine cycle?
(NOV/DEC 2017)
x The Rankineycle is an ideal cycle which is used for comparing the performance of

steam power plants.
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Process 12: Isentropic compression in pump (compressors)
x The water is heated at constant volume process from and pressure is also . From .
During this proceshkeat is added for heating.
Process 2 3: Constant pressure heat addition in boiler
x In this process water is converted into steam isothermally and is basically (i.e) T =
constant and P = constant.




x At point 2, the working fluid is existing as a water goadnt 3 the working fluid
converted into steam.

Process 3 4: Isentropic expansion in turbine
x The dry saturated steam expands isentropically in the turbine for developing mechanical
work.
x Pressure falls rom and temperature Therefore it is convertiedry steam to wet
steam.
Process 41: Constant pressure heat rejection in a condenser
x The wet steam is then condensed in a condenser isothermally and is basically. Then wet
steam is converted to water in condenser.
x This process is a heat rejectigorocess; heat is rejected from wet steam to
atmosphere.
Energy Analysis of the Rankine Cycle
x All four components associated with the Rankigele (the pump, boiler, turbine and
condenser) are steadlpw devices, and thus all four processes that make up the Rankine cycle
can be analyzed as steafilyw process.

How can We Increase the Efficiency of the Rankine cycle?
The three ways by whiadifficiency of the Rankine cycle can be increased are :
(a) Lowering the condenser pressure (Lowdosv, av).
(b) Superheating the steam to high temperatures (Incréaggs av).
(c) Increasing the boiler pressure (Increalaigh, av).

In additionto that the efficiency is increased by
1. By reheating steam in between two operating pressure.
2. By adopting regeneration of steam.
3. By using both reheat and regeneration.
1. Reheat cycle
The schematic and -3 diagram of the Reheat cycle is shown in Figure below

Reheating

/ 3 High-pressure
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High - |
turbine

Reheater —— oW pressure

From the figure ,the efficiency of the reheat cycle

workdone 0
tLreheat= — = =
heatsupplied V0.




Whereh, h,=first steam turbine work
h; h, =secondsteam turbine work
hg hs = pump work

L OAEAAIG 2 " N3 M e s
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Neglecting pump work,
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wherehg = hg

2. Regenerative cycle:
x  Another way of increasing the thermal efficiency of the Rankine cycle is by
regeneration
x During a regeneration process, liquid water (feed water) leaving the pump is heated by
steam bled off the turbine at some intermediate pressure in devices called feed water heaters.
x Feed water heater in which heat is transferred from the extracted tstebe feed water
without any mixing taking place. The two streams now can be at different pressure, since they
do not mix.

Superheater

H.P. heater

Temperature —»

(1-m)

—>» Entropy

Heat supplied externally in the cyclehy hgg
Isentropic work done,h; h; +1 m; h; h, +(1 m; my) h, h;g
workdone

Thermal efficiency, =—
Heat supplied

_ hy hy +1 mqg hy hpy +(1 mqg my) ho hj

ho hte
hig his

Where,m; = —
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1 my (his hyg)
(hy  hgs)
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3. ReheatRegenerative Cycle:

x Reheairegenerative cycle is used in actual thermal power plant with high steam
pressure to increase the ot efficiency of the cycle which is higher than only reheat or
only regenerative cycle
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3. With a neat sketch briefly explain about fluidize d bed combustion. (Dec
2011)(May/June2012) or what is fluidized bed combustion system? Sketch and dész
Fluidi zed bed combustion (FBC) system? (sly/June 14)or Explain the working and

advantagesof a fluidized bed combustion system? (Apr/Mayl6XNOV/DEC
2017YAPR/MAY 2018)

Fluidized bed combustion (FBC) system
x  When a packed bed of finely divided inert, refectory sand like solid particles over a
perforated plate is subjected to a evenly distributed upward flow of air.
In higher airvelocities, the gravitational foe of particles is balanced by the frictional

forces between the fluid (air) and particles. This causes the particles to become
suspended in the air steam.

External air supply
Fig 5.1 Fluidized bed combustion (FBC) system
x  This vigorous mixing of particles results the bed at highly turbulent. This bed is called
fluidized bed and burning the full in such a state is known as fluidized bed combustion (FBC).

x  The air velocity is maintained at a rate that overcomes the gramdtiocus on the
particles without carrying them out of furnace.

Classification of FBC:
They are classified into two types

1. Atmospheric fluidized bed combustor ( AFBC)
2. Pressurized fluidized bed combustor ( PFBC)
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x In AFBC system, the pressure inside the bed is maintained at atmospheric level. This
system uses both forced and induced draft fan due to this bed pressure.

x In PFBC, the bed is operated under pressure by supplying the compressed air a
pressure of up toQlbar, which results in slightly higher h@atransfer rates.

x This combustion is pressurized environment results in a compact furnace and proved
combustion efficiency.

Atmospheric Fluidized bed combustion
x In atmospheric fluidized bed combustion systetime pressure inside the bed is
maintained at atmospheric level and this system utilizes both forced and induced draft fan.
AFBC system classified into
1. Bubbling fluidized bed boiler
2. Circulating fluidized bed boiler
Atmospheric bubbling fluidized bed boiler:

Flue gas and dust to
Convective water  lectrostatic precipitator (ESP)

Steam drum tubes

: Primary cyclone
Fumace water ®- , dust seperator
walls
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bed-combustion food line

zone

Feed air Perforated distributor
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Air fan B Bed cleaning
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Fig 3.2 Atmospheric bubbling fluidized bed boiler

x Water tubes are located horizontally in fluidized bed combustion zone and upper part of
the combustion chamber.

x Steam drum has water in lower half and steam is upper half, super heater tubes are also
located in the combustion zones of the furnace which is made of boiler plate forming under
walls.

x Crushed coal (6 20 mm) is injected into the fluidized bed of limesé just above an
airi distribution grid at the bottom of the bed.

x Hot air from the air plenum flaw upwards into the bed through the grid, the bed particles
agitates at high speed shrilling action and the bed now become furnace.

x  This rains the temperatiof the particle in the combustion zone and the sliding mixture
starts burning.

x  The products of combustion leaving the bed carriers a large proportional of unburned
carbon particles which can be separated by passing through the cyclone separatan Gdis c
recycled back to combustion zone.




Atmospheric circulating fluidized bed boiler:
The circulating fluidized bed boilers are designed with following modifications.
1. Providing sloping distributor plate to give an air slide effect.
2. Providing noruniform fluidizing velocities over the bed.
3. Bending one of the PBC walls over the bed to certain the light particles.

x In this system air at different velocities is supplied at different points along the surface
of the bed and thus the bed become stable.

x At this stable condition, the bed remains in fluidized condition and so all the
lightmaterials get burned is that condition. The burning is efficient because of high turbulence.

x  The heavy particles accumulated along with ash produced due tastonb
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Fig3.3 Atmospheric circulating fluidized bed boiler

Pressurized fluidize d bed combustar

This combustor will be of two types
1. Pressurized bubbling fluidized bed combustor (PBFBC)
2. Pressurized circulating fluidized bed combustor (PCFBC)
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Fig 3.4 Pressurized bubbling fluidized bed combustor (PBFBC)
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Fig 3.5 Pressurized circulating fluidized bed combustor (PCFBC)

x PBFBC, the solid particles are fluidized in bubbling fluidized mode by maintaining the
superficial gas velocity to in between the minimum bubbling velocity of coarser particles and
terminal velocity of finer particles.

x Coal fed together with limestone Isurnt by supplying compressed air. Heat so
generated in fluidized bed is extracted by water carrying tubes immersed in bed.

x  The hot clear gas from cyclone separator is given to gas turbine to generate electricity.

x The steam produced in the combustor @ Waste heat recovery heat exchanger at the
gas turbine exit produces further power by expanding through steam turbine.

4 What is meant by high pressure boilers? Explain briefly about their types. Explain with
a neat sketch the function of BensionBoiler and Give its advantages and
disadvantages.(May/June 2013) or Briefly discuss the Loeffler boiler and enumerate its
advantages.(may/june 1[(Nov-Dec 2016\NOV/DEC 2017)
x In all modern power plants, high pressure boilers (> 100 barymixersally used as
they offer the following advantages.
x In order to obtain efficient operation and high capacity, forced circulation of water
through boiler tubes is found helpful.
x Some special types of boilers operating at super critical pressuressagd farced
circulationsare described in this chapter.
1. The efficiency and the capacity of the plant can be increased as reduced quantity o
steam is required for the same power generation if high pressure steam is used.
2. The forced circulation of wat through boiler tubes provides freedom in the
arrangement of furnace and water walls, in addition to the reduction in the heat exchange area.
3. The tendency of scale formation is reduced due to high velocity of water.
4. The danger of overheating is teed as all the parts are uniformly heated.
5. The differential expansion is reduced due to uniform temperature and this reduces the
possibility of gas and air leakages.
Supercritical boilers:
x Boilers are usually designed foe high working pressures famste generating
plants.Large number of steam generating plants are designed to work between the range of 14p
atm and 510C to 300 atm and 66C.




x These types of steam generator are basically categorised into sub critical and supe
critical boilers.

x Onee through boilers are the only type suited to supercritical operation because the
latent heat of vaporisation at and above the critical pressure is zero.

x Moreover supercritical boilers require only economiser and superheater .It is a common
practice thatgpercritical boilers are employed when the capacity of the plant is above 300MW.

Advantage ofSupercritical boilers:

1.Heat transfer rate is high.

2.1t is possible to maintain more stable pressure level.

3.Theproblem of erosion and corrosion are minimised due to absence oftwo phase mixture.
4.1t is possible to achieve higher thermal efficiency(about 40 to 42%)

5.1t can be used to generate peak load by changing the operating pressure

LAMONT BOILER

x A forced drculation boiler was first introduced in 1925 by La Mont. The arrangement
of water circulation and different components are shown in Fig.4.1

x The feed water from hot well is supplied to a storage and separating drum (boiler)
through the economizer. Most dlfie sensible heat is supplied to the feed water passing
through the economizer. A pump circulates the water at a rate 8 to 10 times the mass of stea
evaporated.

x This water is circulated through the evaporator tubes and the part of the vapour is
separatd in the separator drum.

x  The large quantity of water circulated (10 times that of evaporation) prevents the tubes
from being overheated.
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iz, 5.5. La Mont Boiler

x  The centrifugal pump delivers the water to the headers at a pressure of 2.5 bar above thq
drum pressure.

x  The distribution headers distribute the water through the nozzle into the evaporator.

x The steam separated in the boiler is further passed through theheaper.

x Secure a uniform flow of feed water through each of the parallel boiler circuits a choke
is fitted entrance to each circuit.

x  These boilers have been built to generate 45 to 50 tonnes of superheated steam at a
pressure of 120 bar and temperature of 500°C. Recently forced circulation has been introduced

21




in large capacity power .

LOEFFLER BOILER
x The major difficulty experienced La Mont boiler is the deposit ion of self and sediment

on the inner surface of the wither tubes the deposition reduced the heat transfer and ultimatel

the generating capacity.
x The further increased the danger of over heathegubes due it salt deposition as it has

high thermal deposition resistance.
x  This difficulty was solved in Lo filler boiler by the differing the flow of water in to the

boiler tubes.
x Most of the stream is generated outside from the federated using the superheated stea

coming out from the boiler .the arrangement of the different components ,and the water and
steam circulation are shown in fig.

q
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Fig . = Loeffler Boiler
x The presser feed pump draws the walteough the economizer and delivers it into the

evaporator drum as shown in fig.
x  About 65% of the steam coming out of super heater is passed through the evaporato

drum are of special design and avoid priming and nice.
x  This boiler can carry higher salt amemntration than any other type and is move compact
than indirectly heated boilers having natural circulation, these qualities fit it land or sea tram

port power generation.
x Loffler boilers with gentling capacity of 100 tones/ hr and operating at 148lteady

commissioned.

BENSON BOILER (Nov/Dec 2016)
x  The main difficulty experienced in the La Mont boiler is the formation and attachment

of bubbles on the inner surfaces of the heating tubes.
x  The attached bubbles to the surfaces reduced the heat fleam gtan wither film.
x Benson in 1922 argued that if the boiler pressure was raised to critical pressure (22

bars) the steam and water have the same density and therefore the danger of bubbip
t i mfer swth higmpdessura.l | ow b ui | dff n

devel opment at t he
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x The arrangement of the boiler components is shown in fig. the water as passed throug

the economizer in to the radiant evaporator is shown in figure where majority of water
is converted into steam.
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Fig _ Benson Boiler

x The remaining water isvaporated in the final evaporator absorbing the heat from hot
gases by convection.

x The saturated high pressure steam (at 225 bars) is further passed through the sup
heater as shown in fig.4.3

x Major difficulty to salt deposition was experienced in tlengformation zone when all
remaining water converted in to steam.

x To avoid this difficulty the boiler (final evaporator) is normal flashed out after every
4000 working hours to remove the salt.

Advantages:
As there are no drums, the total watigpf Benson boiler is 20% less then boilers this
also reduces the cost of boiler.

Natural circulation boilers require expansion joints but there are not required for
Benson is the pipes are water.

The creation of Benson boiler is easier and quicker labelpasts are welded at sites
and works hop job of tube expansion is altogether avoided.

The transfer of Bensonbs part i's easy alp
are carried to the site without pre assembly

The Benson boiler can be eredtin the comparatively smaller floor area. The space
problem does not control the size of Benson boiler used.

The furnace walls of the boiler can be more efficiently protected by using smaller
diameter and close pitched tubes.

The super heater in the B®n boiler is an integral part of forced circulation system,
therefore no squired arranges mint for super heater is required.

The Benson boiler can be started very quickly because of welded joints.
VELOX BOILER:
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x The arrangement of the components/elbx-boiler is shown in fig. Air is compressed
to 2.5 bars with the help of a compressor run by gas turbine before supping to the combustio
chamber to get.

x  The supersonic velocity of the gases passing through the combustion chamber and ga
tubes and hig great release rates (35 to 45 million 7n3').the burned gases in the
combustion champer are passed through the annual of the tubes as shown in fig.

Steam 0 prene

Gas turtne
—— - .

Fig. 1.46 Velox boiler

Fig 4.4 Velox Boiler

x The heat is transferred from gases to water while passing through the annual to generat
the steam.

x  The mixture of water and steam thus passes into a separator which is so designed thg
the mixture enters which a spinal flow.

x The centrifugal force thusrpduced causes the heavier water particles to be thorn out
and on the walls.

x The effect separates the steam from water, the separated steam is further passed {p
Superheated and then supplied to prime mover.

x The water removed from steam in the separatagan passed into the water tubes with
help of a pump.

x The gases coming out from the annuals at the top are further passed over the supg
heater where top are heat is used for superheated the steam the gases coming out of superljot
meter are used to rungas turbine as they carry sufficient kinetic energy .the power output of
the gas turbine is used to run theiaio mpressor.

x  The exhaust gases coming out from the gas turbine are passes thermal the economizer |p
utilize are the remaining heat of gases. éhtra pore required to run the compression is
supplied with the help of election motor .feed water of 10 to 25 time of weight of steam
generated is circulated through the tubes with help of water circulating puling .

5.Explain in detail the coal handling system with suitable coal handing system or block
diagram [ Dec 2010] (or) Explain the variousi|l s
thermal power.(or) Name the various equipments used for transferring the coaExplain the

working of any one Equipment. (Dec 2011)(April/May 2011)(DEC 2012) or Explain the types

of coal handling system? Write any one method with neat flow diagrath (Nov/Dec 14)

(ApriMay 2017)(APR/MAY 2018)

Coal handling system:
x In plant handlingsystem deals with the processing of after receiving the coal from the
coal mines at the plant site
x The in plant coal handling system should be designed such a way that the in plant
24




transportation should be minimum.
()Coal delivery:
x Coal from their supplypoint is generally carried out by the following modes
a) Ships or boats, if site is situated near the sea or river
b) Rails, if sea is away from sea or river

i) Unloading
x Selection of suitable unloading equipment depends onthe out plant handling
x If coal is delivered by ship or boats, then portable conveyers, unloading bridges, coal
towers, self unloading boats and coal accelerator are used as unloading devices
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Fig. 2.1 Coal preparation plant.

x The coal preparation plant which include crushers, breakers, dryers, sizers and magnetid




separators.
x Coal is prepared to suitable condition such that it ensures efficient combustion process.
x Coal form the mines is given to coal crusher for preparingatrietjuired size
iv) Coal transfer
The equipment include
A Belt conveyer
A Screw conveyer
A Bucket conveyer
A Grab conveyer
A )Belt conveyer

. Coal

=== Roller

Belt conveyer is a flexible type hoisting and conveying device used for transporting
large quantities oéoal over a large distance

The load carrying capacity of the belt conveyer may vary from 50 to 100 tonnes per
hour

Advantages
1.Low power consumption
2.Lesser repair maintenance cost
Disadvantages
1. Not suitable for greater heights and short distances
2. Installation and replacement of belt is very costly.
B) Screwconveyer
U It consists of an endless helicoids screw fitted to a shaft, one end of the shaft is
connected with the driving mechanism and the other end is supported is an enclosed ba
bearing
Advantages
1. Unitis simple compact and dust proof
2. Low initial cost requires minimum space
Disadvantages
1. High power consumption
2. Excessive wear and tear which reduces the life of the screw conveyer
C) Bucket elevators
U It consists of buckets fixed to a chain (Fig. 4.5). The chain moves over two wheels.
U The coal is carried by the buckets from bottom and discharged at the top.
Advantage -
1. Less power is required
2. Coal can be discharged at elevated space
3. Less area is reqnd.
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Fig. 4.4. Screw Convevor. Fig. 4.5. Bucket Elevator
d) Grab bucket elevator

U Grab bucket elevator is a device used for both lifting and convey coal on a single rail or
track from one point to other

iv)Outdoor storage
x Quter storage or dead storage can be open space in one corner of the plapdcity

can be six months or one year requirement of the plant

v)Covered storage

x Live storage or covered storage is a space provided in the plant near the boiler furnacg
to meet one day requirement of the plant.

x Live storage can be provided of with likens and coal bins
vi) In plant handling

x Handling of coal from storage to firing equipment is known as in plant handling of coal

vii) Weighing and measuring
x It is necessary t weigh the coal at the unloading point and the supply quantity to
individual boiler in order to run the plant in an economical manner.

6. What are the operations involved in ash handling system? (Nov/Dec 2010)(May/June
2012)(DEC 2012) or Enumerate various modern ash handling systevay/June 14) or Write
a short noteson: ash handling system.( Nov/dec 15)Apr/May 2017)(APR/MAY 2018)

The operations involved in ash handling system are

27




a. Removal of ash from furnace
b. Transfer of ash from furnace to isolated storage place.
c. Disposalof stored ash.
Some of the places ttump huge amount of ash:
U The barges may be used for dumping ashes in se.
U Disused quarries provided it should be within reasonable distance.
U Canbe used for road making or to fill low lying areas. Deep ponds may be
constructed
Ash handling systems
The mockrn handling system used in steam power plants are,
1. Mechanical system
2. Hydraulic system
3. Pneumatic system
4. Steamjet system
Mechanical system
x Mechanical handling system is a continuous discharge system used for capacity coa
fired power plants.
x In this system, ash is cooled by allowing it to fall over the conveyor through a water
seal.
x The cooled ash is then carried continuously to a dumping site

High pressure water
L

Main sump

Fig 7.1 Mechanical System
Hydraulic system:
This system classified into two types
1.High pressure system
2. Low pressure system
High pressure system:
x In this system hoppers below furnace are fitted with water nozzle at the top and at sides.
x Ash is quenched by top nozzles and it is derived by side nozzles.
x  The cooled ash and high velocwgater is than flow through trough to the sump where
the ash and water are separated.
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Fig 7.2 Hydraﬁlic system

Low pressure system

x In this system, a trough is provided below the boiler furnace and water at low velocity is
made to through it.

x Ash directly falling into the trough is carried by the water to the sump.

x In the sump, the ash is separated from water with the help of sarekmater is
pumped back to the trough.

Pneumatic system
x In this system air is used as a medium for driving the ash through a pipe.
Boiler furnaces

Fig 7.3 Pneumatic System

x Ash from the boiler is crushed and passed into a steam of air.

x The primary &secondary air removes ash and discharged through the hopped while
clean air is exhausted to the atmosphere .

x For handling fine abrasive ash as well as fine dusty material
Steam jet system

x As this system high pressure system jet is used for driving thalasg the conveying
pipe.

x This system is employed in small and medium size plants where the path of travel of
ash is not straight and space available is not sufficient for other system.

x This system operator at high were due to abrasive action of aish atguires the
conveying pipe to be lined with nickel alloy.

7. What is meant by super heater? Describe its classification. Or Explain with neat sketch
about the following: super heater. fov/dec 14) or Discuss the function of air heater
types.(May/june 16)

Super heater:




x The super heater is a heat exchanger in which heat is transfixed to the saturated steam {
increase its temperature it raises the overall cycle efficiency.
x They are classified as follows:
1 Convective.
1 superheated Radiant
1 superheate@endant
1 super heaters
x Upper haltered steam boilers built the water and further heat the steam in a superheate
.thesis provides steam at much higher temperature but can decrease the overall thermd
officially of the steam generating plant due to the fdwittthe higher flue gases exhaust
temperature .there care serial ways to a circumvent this problem typically by providing a feed
what heavingfieconomizer o and /[ or a combus
exhaust paths
1. Convective super heate
It is located in the path of the hot gases. (Absorb heat via flied i.e.Gas)
2. Radiant superheat:
It is placed directly in the combustion chanter (absorb heat by radiation)
3. Pendant super heater:
It is totality separated from the boiler.
Whether by conversion or radiation the extreme heat in the boiler furnace / flue gas path
will also heat the super heater steam piping and the steam within as well.

8.Explain with the aid of sketches of forced Draft System and induced draft system or
what is the main function of draught system? (Nov/Dec 2010)(May/June 2012) or what do
you understand the term boiler draught.(May/June 14) or Write short note on:Different
draught system.(Nov/dec 15).

Draught system:

x Draught is defined as the difference between absolute gas pressures at any point in a ggdp
flow passage and the ambient atmospheric pressures measured at same elevation.

x The difference between atmospheric pressuretlangressure existing in the furnace or
flue gas passage of a boiler is termediiast.

x  This pressures difference is required to maintain the constant flow of air and discharges
gas through chimney to atmosphere

x To supply sufficient quantity of air throbigthe furnace for complete combustion of
fuel.

x To remove gaseous products of combustion from the furnace .

x To move and exhaust he products of combustion to the atmosphere through the
chimney

Classification of draught system
1. Natural draught (chimney)
2. Artificial draught (mechanical)
(a) Forced draught
(b) Induced draught
(c) Balanced draught

Natural draught system:
x Natural draught system consists of a tall chimney and suitable is only for small capacity
belles
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Fig 8.1 Natural draught system

x The draught is caused by the chimney due to the temperature difference and pressur
difference of hot gases inside the chimney and air outside the chimney.

x This pressure difference causes the flafnair into the furnace pushes the hot gases
though the chimney

Ap = gH(pg — pg)

Ap —pressure difference
Forced draught system:
x In this system ,a fan is located before the furnace is near the base of the boiler .it
discharge air under pressure into the furnace andaokadf chimney through the economies
air preheated

Air preheater

Fig Forded draught system

x The pressure inside the system is higher than the atmospheric pressure and hence it [
also called as positive draught system.
Induced draught system

To exhaust
Boiler \tf

("

Furnace Economiser Blower




x In this system (ID fan) fan i®cated near the chimney base sure such that it draws the
burnt gases form the furnace and bolus in to the chimney

x This results in pressure drop in the furnace and cerates parties volume due to which
atmospheric air flows through the furnace freely.

x The flues gases may be discharged as cold as possible after recovering its heat in ai
preheated and economics

Balanced draught system:
x In is the combination of forced draught to induced draught system. When the furnace of

a FD system is opened for firing mspection.the high pressure air try to escape suddenly and

the furnace may stop.

Air prehieater
Fig Balanced draught system

x When the furnace of an ID system is open for firing cold air tries to enter into the
furnace due to partial velum created in the furnace.

9. What is mean bysteam condenser explain about briefer their cassation. Or Describe
with neat sketches the operation of the following Condensers.(i)Jet condenser
(inEvaporative condenser.(may/june 15)r Explain the arrangement and operation of a
surface condenser.(may/jue 16)

Steam condensers:

x A steam condensers is a closed vessel heat exchanger by absorbing steam coming fro
trubine is condensed by absorbing the heat from steam by continuous supply of cooling wate
at atmospheric temperature.

Functions of steancondenser:

x  The function of steam condenser is to decrease the exhaust pressure of steam below thg
atmospheric level.

x To recover high quality feed water in its original form and feed in back to the steam
generator without any further treatment.

x  This eliminates the cost involved in treatment process for the supply of fresh water.

Ele ments of a steam condenser plant

x Closeted vessel heat exchanged.

Supply of cooling water to absorb the heat from steam.
Pump to circulate the cooling water.

Condensate exction pump

Hot wall to discharge condensate

Air extraction pump

Cooling rower to recoil the water

Classification of condensers
They are classified into two types




. Surface condenser (or) nonixing condensers
(a) Down flow surface condenser
(b) Central flow surface condenser
(c) Inverted flow surface condenser
(d) Evaporative condenser
(e) Regenerative surface condensers
. Jet condensers (or) mixing condenser
(@) Low level parallel flow jet condenser
(b) Low level counter flow jet condenser
(c) high level or baronteic jet condenser
(d) Ejector jet condenser
In jet condensers the exhaust steam and cooling water come in direct contact with eac
other.
The temperature of cooling water and the condensate is same when leaving the
condensers.
Ele ments of thejet condenser are as follows:
1. Nozzles or distributors for the condensing water.
2. Steam inlet.
3. Mixing chambers: They may be)(parallel flbw type ) counter flow type
depending on Whethethe steam and water move in the same direction before
condensation or whether the flows are opposite.
4. Hot well.
In jet condensers the condensing water is called injection water.
Low level jet condensers (Parallel flow type).:
x In this condenser (Fig. B) water is sprayed through jets and it mixes with steam.
x The air is removed at the top by an air pump. In counter flow type of condenser the
cooling water flows in the downward direction and the steam to be condensed moves upward.
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Fig. 9.1Low leveljet condensers
High level or Barometric condenser
x Fig. 9.2 shows a higlevel jet condenser. The condenser shell is placed at a height of

10.33 m (barometric height) above the hot well.
x As compared to low level jet condenser. This condenser does odttfie engine if the

water extraction pump fails. A separate air pump is used to remove the air.




Air FPump
Suction
{ R

-

Injection

m——F N -

Cooling Pond

Fig 9.2 High level or Barometric condenser

Ejector Condenser

x Fig. 9.3 showsn ejector condenser. In this condenser cold water is discharged under a
head of about 5 to 6 m through a series of convergent nozzles.

x The steam and air enter the condenser through aatam valve. Mixing with water
condenses steam.

x Pressure energig partly convert into kinetic energy at the converging cones. In the
diverging come the kinetic energy is partly converted into pressure energy and a pressurg

higher than atmospheric pressure is achieved so as to discharge the condensate to the hot well
Water
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! Non Return
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Converging | Valve
.‘_

Cones \ L=
Exhaust

/ Steam

3
Diverging N ii
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Discharge to
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Fig 9.3 Ejector Condenser

Down flow (twoi pass) surface condensers
x It is composed of a steal shell with water boxer on each side. The water bon at the right

and is decided in two parts by a baffle plate to allow the water for two passes
x A section of theubes near the air pump suction is screened off by providing a baffle as
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shown in fig. the no of tube used in this section per unit area are more compared with other par,
of the condenser.

x The velocity of water through these tubes is also maintained rhighie is done to
reduce the amount of steam going along with air the intensive cooling of air in this section

increases the density of air going out and reduces the capacity of air pump (size) required by &
much as 50%.

Steam and

Air and

Condensate

Fig 9.5 Sectionaliew of down flow condenser

x  The surface condenser requires 3 pumps when it works on its day vacuum system.

x One for circling the cooling tower, one for enticing the condensate and third is required
for removing the air the surface condenser requires evdyptumps it works on wet vacuum
system.

x one for circulating the cooling water and other for extracting the air and condensates to
gather .these types of condensers are widely used for high capacity of power plant.

x A two pass down .flow surface condemnereatly shown in fig. 9.6sectional view of
down flow condenser shown in fig.
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Fig 9.6 longitudinal section view of two pass deflow condenser

x The steam enters from the top and flows mainly download over the tubes .the air is

extracted atower temperature then the condensate by providing a separate cooling section
known as air cooler.

Central flow condenser:
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Fig 9.7 central flow condenser

x A sectional view of central flow condenser shown in fig. in this arrangement, the air
coolingsection is provided at the centre of the tube nest and air is extracted from this section.
This arrangement causes the steam to flow radically.

x Towards the centre and passes over the entire periphery of tubes.

x The formed condense is extracted from ba#iershown in fig. this arrangement is an
improvement over down wade flow type case it has an access to the whole periphery of thg
tube.

Evaporative condenser:

x These condensers are more preferable where acute shortage of costing water exist the
arrangement of the condense as shown if fig. after is sprayed thineugizzles over the pipe
carrying exhaust steam and from a thin flam over t.
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Fig 9.8 Evaporative condenser

x The air is drawn over the surface of the coil with the help of induced fan as shown in
Fig. the air passing over the coil carries the water from the surface of condenser coil in the
form of vapour.

x The latent heat required for theagoration of water vapour is taken from the water
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film formed on the condenser coil and drops the temperature of the water film and this helps
for heat transfer from the steam to the water .

x  This mode of heat transfer reduces the cooling water requiresheéheé condenser to
10% of the requirement of surface condenser .

x The water particles carried with the air due to high velocity of air is removed with help
of eliminators as shown in Fig. The makeup water (water vapour and water particles carried
with air) is supplied from outside source.

10. Explain in detail about hyperbolic cooling tower. (Or) How Cooling towers are classified?
Explain anyone with neat sketch (April/May2010), Explain briefly the air cooled cooling
system (May/June 2013)Apr/May 2017)
Cooling Towers have one function
x Remove heat from the water discharged from the condenser so that the water can bq
discharged to the river or re circulated and reused.
Cooling Tower
x A cooling tower extracts heat from water by evaporation. Ireeaporative cooling
tower, a small portion of the water being cooled is allowed to evaporate into a moving air
stream to provide significant cooling to the rest of that water stream.
x Cooling Towers are commonly used to provide lower than ambient watpe tatures
and are more cost effective and energy efficient than most other alternatives.
x The smallest cooling towers are structured for only a few liters of water per minute
while the largest cooling towers may handle upwards of thousands of litersrpge mi
x The pipes are obviously much larger to accommodate this much water in the larger
towers and canrange up to 12 inches in diameter.
x When water is reused in the process, it is pumped to the top of the cooling tower and
will then flow down throughpet i ¢ or wood shell s, much |
nest.

x  The water will emit heat as it is downward flowing which mixes with the above air
flow, which in turn cools the water. Part of this water will also evaporate, causing it to lose
even more @at.

Types of Cooling Towers

x Open cooling towers, also called direct cooling towers, allow the water to come into
contact with outside air.

x If cooled water is returned from the cooling tower to be used again, some water must be
added to replace the wathat has been lost.

x Pollutants are able to enter into the water used in these processes and must be filtere
out.

x Closed loop (or closed circuit) cooling tower systems, also called indirect cooling tower
systems, do not allow the water to come intotaonwith any outside substance, therefore
keeping the water more pure due to the lack of foreign particles introduced.

Natural Draft Towers

x Natural draft towers are typically about 120 m high, depending on the differential
pressure between the cold outside air and the hot humid air on the inside of the tower as th
driving force. No fans are used.




water out

Fig 10.1 Natural Draft tower

x Whether the natural or mechanical draft towers are used depends on climatic and
operating requirement conditions.

x The green flow paths show how the warm water leaves the plant proper, is pumped to
the natural draft cooling tower and is distributed.

x The ooled water, including makeup from the lake to account for evaporation losses to
the atmosphere, is returned to the condenser.

Mechanical Draft
x Mechanical draft towers uses fans (one or more) to move large quantities of air through
the tower. They arewo different classes:
(a) Forced draft cooling towers
(b) Induced draft cooling towers
Forced Draft
x The forced draft tower has the fan, basin, and piping located within the tower structure.
In this model, the fan is located at the base.
x  There are no louveredxeerior walls. Instead, the structural steel or wood framing is
covered with paneling made of aluminum, galvanized steel.

To exhaust

s

Fig Forded draught system
Fig 10.2 Forced Draft tower

x During operation, the fan forces air at a low velocity horizontally through the packing
and then vertically against the downward flow of the water that occurs on either side of the fan.

x The drift eliminators located at the top of the tower remove wateaiaed in the air.
Vibration and noise are minimal since the rotating equipment is built on a solid foundation.

x The fans handle mostly dry air, greatly reducing erosion and water condensation
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problems.

Induced Draft

x The induced draft tower show in thellbwing picture Fig 10.3 has one or more fans,
located at the top of the tower, that draw air upwards against the downward flow of water
passing around the wooden decking or packing.

Fig 10.3 induced draft tower
x Since the airflow is counter to the water flow, the coolest water at the bottom is in
contact with the driest air while the warmest water at the top is in contact with the moist air,
resulting in increased heat transfer efficiency.

Hype rbolic cooling tower
x Hyperboloid (hyperbolic) cooling towers (Image 1) have become the design standard
for all naturaldraft cooling towers because of their structural strength and minimum usage of
material.
x The hyperboloid shape also aids in accelerating the upward dosvesdr flow,
improving cooling efficiency. They are popularly associated with nuclear power plants.
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Fig 10.4 Hyperbolic Cooling Tower
x However, this association is misleading, as the same kind of cooling towers are often
used at large codired power plants as well.
x  Similarly, not all nuclear power plants have cooling towers, instead cooling their heat
exchangers with lake, river or caoe water.




