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Combustion: Mechanism of Combustion

Principle of Combustion refers to the rapid oxidation of fuel accompanied by the production of
heat, or heat and light. Complete combustion of a fuel is possible only in the presence of an
adequate supply of oxygen. Oxygen (O,) is one of the most common elements on earth making
up 20.9% of our air. Rapid fuel oxidation results in large amounts of heat. Solid or liquid fuels
must be changed to a gas before they will burn. Usually heat is required to change liquids or
solids into gases. Fuel gases will burn in their normal state if enough air is present. Most of the
79% of air (that is not oxygen) is nitrogen, with traces of other elements. Nitrogen is considered
to be a temperature reducing dilutant that must be present to obtain the oxygen required for
combustion. Nitrogen reduces combustion efficiency by absorbing heat from the combustion of
fuels and diluting the flue gases. This reduces the heat available for transfer through the heat
exchange surfaces. It also increases the volume of combustion by-products, which then have to
travel through the heat exchanger and up the stack faster to allow the introduction of additional
fuel air mixture. This nitrogen also can combine with oxygen (particularly at high flame
temperatures) to produce oxides of nitrogen (NOy), which are toxic pollutants. Carbon, hydrogen
and sulphur in the fuel combine with oxygen in the air to form carbon dioxide, water vapour and
sulphur dioxide, releasing 8084 kCals, 28922 kCals & 2224 kCals of heat respectively. Under



certain conditions, Carbon may also combine with Oxygen to form Carbon Monoxide, which
results in the release of a smaller quantity of heat (2430 kCals/kg of carbon) Carbon burned to

CO; will produce more heat per kg of fuel than when CO or smoke are produced.

C + 0, — CO, + 8084 kCals/kg of Carbon
2C + O, — 2 CO + 2430 kCals/kg of Carbon
2H, + O, — 2H,0 + 28,922 kCals/kg of Hydrogen
S+ 0, — SO, + 2,224 kCals/kg of Sulphur

3 T’s of Combustion

The objective of good combustion is to release all of the heat in the fuel. This is accomplished by
controlling the “three T’s” of combustion which are:

(1) Temperature high enough to ignite and maintain ignition of the fuel,

(2) Turbulence or intimate mixing of the fuel and oxygen, and

(3) Time sufficient for complete combustion.

Commonly used fuels like natural gas and propane generally consist of carbon and hydrogen.
Water vapor is a by-product of burning hydrogen. This robs heat from the flue gases, which
would otherwise be available for more heat transfer. Natural gas contains more hydrogen and
less carbon per kg than fuel oils and as such produces more water vapor. Consequently, more

heat will be carried away by exhaust while firing natural gas.
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Too much, or too little fuel with the available combustion air may potentially result in unburned
fuel and carbon monoxide generation. A very specific amount of O, is needed for perfect
combustion and some additional (excess) air is required for ensuring complete combustion.

However, too much excess air will result in heat and efficiency losses.



Not all of the heat in the fuel are converted to heat and absorbed by the steam generation
equipment. Usually all of the hydrogen in the fuel is burned and most boiler fuels, allowable with
today’s air pollution standards, contain little or no sulfur. So the main challenge in combustion
efficiency is directed toward unburned carbon (in the ash or incompletely burned gas), which
forms CO instead of CO..

Stoichiometric Combustion

The efficiency of a boiler or furnace depends on efficiency of the combustion system. The
amount of air required for complete combustion of the fuel depends on the elemental constituents
of the fuel that is Carbon, Hydrogen, and Sulphur etc. This amount of air is called stoichiometric
air. For ideal combustion process for burning one kg of a typical fuel oil containing 86% Carbon,
12% Hydrogen, 2% Sulphur, theoretically required quantity of air is 14.1 kg. This is the
minimum air that would be required if mixing of fuel and air by the burner and combustion is
perfect. The combustion products are primarily Carbon Dioxide (CO,), water vapor (H,0) and
Sulphur Dioxide (SO,), which pass through the chimney along with the Nitrogen (N,) in the air.
After surrendering useful heat in the heat absorption area of a furnace or boiler, the combustion
products or fuel gases leave the system through the chimney, carrying away a significant

quantity of heat with them.

Optimizing Excess Air and Combustion

For complete combustion of every one kg of fuel oil 14.1 kg of air is needed. 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.



Fluidized Bed Combustion (FBC Boiler)

“Fluidized bed combustion (FBC) is a combustion technology used to burn solid fuels.”

A bed of solid particles is said to be fluidized when the pressurized fluid (liquid or gas) is
passed through the medium and causes the solid particles to behave like a fluid under certain
conditions.

Fluidization causes the transformation of the state of solid particles from static to dynamic.
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Fluidized Bed Combustion takes place when the forced draught fan supplies air to the Furnace of
the Boiler. In the furnace, and is (used for Bubbling phenomenon) placed on the Bed and is
heated before fluidization, the air enters the bed from the nozzles fitted on the Furnace Bed. And
above the nozzles; the sand opposes the upward motion of the air.

But at sufficient velocities, when the pressure applied by the air becomes equal to the weight of
the sand, fluidization of the sand occurs.

Now the fuel supplied by fuel conveyor is fed to the preheated bubbling sand and gets combusted
away. This phenomenon also ensures complete combustion of the Fuel.

The heat released during combustion heats up the surrounding boiler tubes and generates steam.
The major advantages of Bubbling Fluidized Bed Combustion are the enhanced thermal
efficiency, easy ash removal.

Another type is the Circulating Fluidized Bed Combustion; it is applied to fuels with higher

heating values such as Petcock.


https://en.wikipedia.org/wiki/Solid_fuel
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FBC Boiler When an evenly distributed air or gas is passed upward through a finely divided bed
of solid particles such as sand supported on a fine mesh, the particles are undisturbed at low
velocity. As air velocity is gradually increased, a stage is reached when the individual particles
are suspended in the air stream. Further, increase in velocity gives rise to bubble formation,
vigorous turbulence and rapid mixing and the bed is said to be fluidized. If the sand in a fluidized
state is heated to the ignition temperature of the coal and the coal is injected continuously in to
the bed, the coal will burn rapidly, and the bed attains a uniform temperature due to effective
mixing. Proper air distribution is vital for maintaining uniform fluidization across the bed.). Ash

is disposed by dry and wet ash disposal systems.

Fluidized bed combustion has significant advantages over conventional firing systems and offers
multiple benefits namely fuel flexibility, reduced emission of noxious pollutants such as SOy and

NOy, compact boiler design and higher combustion efficiency.

Advantages of Fluidized Bed Combustion Boilers:
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 fluidized 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: SO, 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 NOy 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 — 900 °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 CO; in Flue Gas: The CO; 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 startup and operation using reliable equipment is possible.

11. Fast Response to Load Fluctuations: Inherent high thermal storage characteristics can
easily absorb fluctuation in fuel feed rates. Response to changing load is comparable to that of

oil fired boilers.

12. No Slagging in the Furnace-No Soot Blowing: In FBC boilers, volatilization of alkali
components in ash does not take place and the ash is non-sticky. This means that there is no

slagging or soot blowing.

13 Provisions of Automatic Coal and Ash Handling System: Automatic systems for coal and
ash handling can be incorporated, making the plant easy to operate comparable to oil or gas fired

installation.

14 Provision of Automatic Ignition System: Control systems using micro-processors and

automatic ignition equipment give excellent control with minimum manual supervision.

15 High Reliability: The absence of moving parts in the combustion zone results in a high

degree of reliability and low maintenance costs.



16 Reduced Maintenance: Routine overhauls are infrequent and high efficiency is maintained

for long periods.

17 Quick Responses to Changing Demand: A fluidized bed combustor can respond to
changing heat demands more easily than stoker fired systems. This makes it very suitable for
applications such as thermal fluid heaters, which require rapid responses.

18 High Efficiency of Power Generation: By operating the fluidized bed at elevated pressure, it
can be used to generate hot pressurized gases to power a gas turbine. This can be combined with
a conventional steam turbine to improve the efficiency of electricity generation and give a

potential fuel savings of at least 4%.

Boiler:

A boiler is an enclosed vessel that provides a means for combustion heat to be transferred into
water until it becomes heated water or steam. The hot water or steam under pressure is then
usable for transferring the heat to a process. Water is a useful and cheap medium for transferring
heat to a process. When water is boiled into steam its volume increases about 1,600 times,
producing a force that is almost as explosive as gunpowder. This causes the boiler to be
extremely dangerous equipment that must be treated with utmost care.

The process of heating a liquid until it reaches its gaseous state is called evaporation. Heat is
transferred from one body to another by means of:

(1) Radiation, which is the transfer of heat from a hot body to a cold body without a conveying
medium,

(2) Convection, the transfer of heat by a conveying medium, such as air or water and

(3) Conduction, transfer of heat by actual physical contact, molecule to molecule.

Boiler Blow down:

When water is boiled and steam is generated, any dissolved solids contained in the water remain
in the boiler. If more solids are put in with the feed water, they will concentrate and may
eventually reach a level where their solubility in the water is exceeded and they deposit from the
solution. Above a certain level of concentration, these solids encourage foaming and cause
carryover of water into the steam. The deposits also lead to scale formation inside the boiler,

resulting in localized overheating and finally causing boiler tube failure.



It is, therefore, necessary to control the level of concentration of the solids and this is achieved
by the process of ‘blowing down’, where a certain volume of water is blown off and is
automatically replaced by feed water — thus maintaining the optimum level of total dissolved
solids (TDS) in the boiler water. Blow down is necessary to protect the surfaces of the heat
exchanger in the boiler. However, blow down can be a significant source of heat loss, if

improperly carried out.

Benefits of Blow down
Good boiler blow down control can significantly reduce treatment and operational costs that
include:

— Lower pretreatment costs

— Less make-up water consumption

— Reduced maintenance downtime

— Increased boiler life

— Lower consumption of treatment chemicals

Conductivity as Indicator of Boiler Water Quality:
Since it is tedious and time consuming to measure total dissolved solids (TDS) in boiler water
system, conductivity measurement is used for monitoring the overall TDS present in the boiler.

A rise in conductivity indicates a rise in the “contamination” of the boiler water.

Boiler Water Treatment:

Producing quality steam on demand depends on properly managed water treatment to control
steam purity, deposits and corrosion. A boiler is the sump of the boiler system. It ultimately
receives all of the pre-boiler contaminants. Boiler performance, efficiency, and service life are
direct products of selecting and controlling feed water used in the boiler.

When feed water enters the boiler, the elevated temperatures and pressures cause the components
of water to behave differently. Most of the components in the feed water are soluble. However,
under heat and pressure most of the soluble components come out of solution as particulate
solids, sometimes in crystallized forms and other times as amorphous particles. When solubility

of a specific component in water is exceeded, scale or deposits develop. The boiler water must be



sufficiently free of deposit forming solids to allow rapid and efficient heat transfer and it must

not be corrosive to the boiler metal.

Deposit Control

Deposits in boilers may result from hardness contamination of feed water and corrosion products
from the condensate and feed water system. Hardness contamination of the feed water may arise
due to deficient softener system.

Deposits and corrosion result in efficiency losses and may result in boiler tube failures and
inability to produce steam. A deposit act as insulators and slows heat transfer. Large amounts of
deposits throughout the boiler could reduce the heat transfer enough to reduce the boiler
efficiency significantly. Different type of deposits affects the boiler efficiency differently. Thus it
may be useful to analyses the deposits for its characteristics. The insulating effect of deposits

causes the boiler metal temperature to rise and may lead to tube-failure by overheating.

Impurities Causing Deposits

The most important chemicals contained in water that influences the formation of deposits in the
boilers are the salts of calcium and magnesium, which are known as hardness salts. Calcium and
magnesium bicarbonate dissolve in water to form an alkaline solution and these salts are known
as alkaline hardness. They decompose upon heating, releasing carbon dioxide and forming a soft
sludge, which settles out. These are called temporary hardness-hardness that can be removed by
boiling. Calcium and magnesium sulphates, chlorides and nitrates etc. when dissolved in water
are chemically neutral and are known as non-alkaline hardness. These are called permanent
hardness and form hard scales on boiler surfaces, which are difficult to remove. Non-alkalinity
hardness chemicals fall out the solution due to reduction in solubility as the temperature rises, by
concentration due to evaporation which takes place within the boiler, or by chemical change to a

less soluble compound.

Silica

The presence of silica in boiler water can rise to formation of hard silicate scales. It can also
associate with calcium and magnesium salts, forming calcium and magnesium silicates of very
low thermal conductivity. Silica can give rise to deposits on steam turbine blades, after been

carried over either in droplets of water in steam, or in volatile form in steam at higher pressures.



Two major types of boiler water treatment are: Internal water treatment and External water

treatment.

Internal Water Treatment

Internal treatment is carried out by adding chemicals to boiler to prevent the formation of scale
by converting the scale-forming compounds to free-flowing sludge, which can be removed by
blow down. This method is limited to boilers, where feed water is low in hardness salts, to low
pressures- high TDS content in boiler water is tolerated, and when only small quantity of water is
required to be treated. If these conditions are not applied, then high rates of blow down are
required to dispose off the sludge. They become uneconomical from heat and water loss
consideration.

Different waters require different chemicals. Sodium carbonate, sodium aluminate, sodium
phosphate, sodium sulphite and compounds of vegetable or inorganic origin are all used for this
purpose. Proprietary chemicals are available to suit various water conditions. The specialist must
be consulted to determine the most suitable chemicals to use in each case. Internal treatment

alone is not recommended.

External Water Treatment

External treatment is used to remove suspended solids, dissolved solids (particularly the calcium
and magnesium ions which is a major cause of scale formation) and dissolved gases (oxygen and
carbon dioxide).

The external treatment processes available are: ion exchange; demineralization; reverse 0smosis
and de-aeration. Before any of these are used, it is necessary to remove suspended solids and
colour from the raw water, because these may foul the resins used in the subsequent treatment
sections. Methods of pre-treatment include simple sedimentation in settling tanks or settling in
clarifiers with aid of coagulants and flocculants. Pressure sand filters, with spray aeration to
remove carbon dioxide and iron, may be used to remove metal salts from bore well water. The
first stage of treatment is to remove hardness salt and possibly non-hardness salts. Removal of
only hardness salts is called softening, while total removal of salts from solution is called

demineralization.



Nuclear Power Plant

Main components of nuclear power plants: Working

1) Moderators

In any chain reaction, the neutrons produced are fast moving neutrons. These are less effective in
causing fission of U** and they try to escape from the reactor. It is thus implicit that speed of
these neutrons must be reduced if their effectiveness is carrying out fission is to be increased.
This is done by making these neutrons collide with lighter nuclei of other materials, which does
not absorb these neutrons but simply scatter them. Each collision causes loss of energy and thus
the speed of neutrons is reduced. Such a material is called a ‘Moderator’. The neutrons thus

slowed down are easily captured by the fuel element at the chain reaction proceeds slowly.
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ii) Reflectors
Some of the neutrons produced during fission will be partly absorbed by the fuel elements,
moderator, coolant and other materials. The remaining neutrons will try to escape from the

reactor and will be lost. Such losses are minimized by surrounding (lining) the reactor core with



a material called a reflector which will reflect the neutrons back to the core. They improve the

neutron economy.

iii) Shielding
During Nuclear fission a, 8 and y particles and neutrons are also produced. They are harmful to
human life. Therefore it is necessary to shield the reactor with thick layers of lead, or concrete to

protect both the operating personnel as well as environment from radiation hazards.

iv) Cladding

In order to prevent the contamination of the coolant by fission products, the fuel element is
covered with a protective coating. This is known as cladding. Control rods are used to control the
reaction to prevent it from becoming violent. They control the reaction by absorbing neutrons.
These rods are made of boron or cadmium. Whenever the reaction needs to be stopped, the rods
are fully inserted and placed against their seats and when the reaction is to be started the rods are

pulled out.

v) Coolant

The main purpose of the coolant in the reactor is to transfer the heat produced inside the reactor.
The same heat carried by the coolant is used in the heat exchanger for further utilization in the
power generation.

Some of the desirable properties of good coolant are listed below

1. It must not absorb the neutrons.

2. It must have high chemical and radiation stability

3. It must be non-corrosive.

4. It must have high boiling point (if liquid) and low melting point (if solid)

5. It must be non-oxidizing and non-toxic.

The above-mentioned properties are essential to keep the reactor core in safe condition as well as
for the better functioning of the content.

6. It must also have high density, low viscosity, high conductivity and high specific heat. These
properties are essential for better heat transfer and low pumping power.

The water, heavy water, gas (He, CO,), a metal in liquid form (Na) and an organic liquid are

used as coolants.



The coolant not only carries large amounts of heat from the core but also keeps the fuel

assemblies at a safe temperature to avoid their melting and destruction.

vi) Nuclear Reactor

A nuclear reactor may be regarded as a substitute for the boiler fire box of a steam power plant.
Heat is produced in the reactor due to nuclear fission of the fuel U?**. The heat liberated in the
reactor is taken up by the coolant circulating through the core. Hot coolant leaves the reactor at
top and flows into the steam generator (boiler).

Radiation hazards and Shieldings

The reactor is a source of intense radioactivity. These radiations are very harmful to human life.
It requires strong control to ensure that this radioactivity is not released into the atmosphere to
avoid atmospheric pollution. A thick concrete shielding and a pressure vessel are provided to
prevent the escape of these radiations to atmosphere.

vii) Steam generator
The steam generator is fed with feed water which is converted into steam by the heat of the hot
coolant. The purpose of the coolant is to transfer the heat generated in the reactor core and use it

for steam generation. Ordinary water or heavy water is a common coolant.

viii) Turbine
The steam produced in the steam generator is passed to the turbine and work is done by the

expansion of steam in the turbine.

iX) Coolant pump and Feed pump
The steam from the turbine flows to the condenser where cooling water is circulated. Coolant

pump and feed pump are provided to maintain the flow of coolant and feed water respectively.

Advantages of Nuclear Power Plant
The various advantages of a nuclear power plant are as follows:
1. Space requirement of a nuclear power plant is less as compared to other conventional power

plants is of equal size.



2. A nuclear power plant consumes very small quantity of fuel. Thus fuel transportation cost is
less and large fuel storage facilities are not needed Further the nuclear power plants will
conserve the fossil fuels (coal, oil, gas etc.) for other energy need.

3. There is increased reliability of operation.

4. Nuclear power plants are not affected by adverse weather conditions.

5. Nuclear power plants are well suited to meet large power demands. They give better
performance at higher load factors (80 to 90%).

6. Materials expenditure on metal structures, piping, storage mechanisms are much lower for a
nuclear power plant than a coal burning power plant.

For example for a 100 MW nuclear power plant the weight of machines and mechanisms,
weight of metal structures, weight of pipes and fittings and weight of masonry and bricking up
required are nearly 700 tonnes, 900 tonnes, 200 tonnes and 500 tonnes respectively whereas for a
100 MW coal burning power plant the corresponding value are 2700 tonnes, 1250 tonnes, 300
tonnes and 1500 tonnes respectively. Further area of construction site required aired for 2100 MW
nuclear power plant is 5 hectares whereas was for a 100 MW coal burning power plant the area
of construction site is nearly 15 hectares.

7. It does not require large quantity of water.

Disadvantages

1. Initial cost of nuclear power plant is higher as compared to hydro or steam power plant.

2. Nuclear power plants are not well suited for varying load conditions.

3. Radioactive wastes if not disposed carefully may have bad effect on the health of workers and
other population. In a nuclear power plant the major problem faced is the disposal of highly
radioactive waste in form of liquid, solid and gas without any injury to the atmosphere. The
preservation of waste for a long time creates lot of difficulties and requires huge capital.

4. Maintenance cost of the plant is high.

5. It requires trained personnel to handle nuclear power plants.



