Beilers

Introduction to Boilers

Boilers are critical components in many industrial processes, providing steam for heating, power

generation, and various manufacturing applications.

How Boilers Work

Boilers operate by converting water into steam through the application of heat. The heat is

generated by burning fuel. The steam produced is then used for various applications, such as
driving turbines or providing heat for processes.
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Types of Boilers

1. Fire-Tube Boilers: Hot gases pass through tubes surrounded by water. Common in small
applications.

2. Water-Tube Boilers: Water flows through tubes heated by hot gases. Suitable for high-pressure
applications.

Types of boilers

Water tube
boiler

Fire tube
boiler

Components of Boiler system

A boiler system consists of several key components that work together to generate steam for
various applications. Here are the main components of a typical boiler system:

1. Boiler Drum: This is the main body of the boiler where water is heated, and steam is
generated.

2. Burner: The burner is responsible for mixing fuel and air and igniting the mixture to produce
heat.
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3. Combustion Chamber: This is where the fuel is burned to generate heat. The heat is then
transferred to the water in the boiler drum.
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4. Heat Exchanger: This component transfers heat from the combustion gases to the water,
converting it into steam or hot water.

5. Water Tubes/Fire tubes

In water-tube boilers, water circulates through tubes that are heated externally by the
combustion gases.

In fire-tube boilers, the combustion gases pass through tubes that are surrounded by water.

6. Economizer: This is a heat exchanger that preheats the feedwater using residual heat from
the flue gases, improving the boiler’s efficiency.

Generator

7. Superheater: This component heats the steam produced in the boiler to a higher
temperature, increasing its energy content (available in water tube boilers)

8. Deaerator: A deaerator is a device used to remove dissolved gases, such as oxygen and
carbon dioxide, from boiler feedwater. This process is crucial because these gases can
cause corrosion in the boiler system, leading to damage and inefficiency.
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Feedwater Pump: This pump supplies water to the boiler from the feedwater tank or
deaerator.

Safety Valves: These valves release excess pressure to prevent the boiler from exploding.

Control Systems: These systems regulate the boiler’s operation, including fuel supply,
water level, and steam pressure.

Blowdown Valve: This valve removes impurities and sediment from the boiler to maintain
water quality.

Flue Gas Stack: This is the chimney that expels combustion gases from the boiler to the
atmosphere.
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Safety Controls

Safety controls in boiler operation are crucial to ensure the safe and efficient functioning of the
boiler system. Here are some of the key safety controls typically found in boiler systems:

1. Safety Valves: These valves automatically release pressure if it exceeds a preset limit,
preventing potential explosions.

2. Water Level Indicators: These devices monitor the water level in the boiler. Low water
levels can cause overheating and damage, while high levels can lead to inefficient
operation.

3. Low-Water Cutoff: This safety device shuts down the boiler if the water level falls below a
safe level, preventing damage to the boiler.

4. Flame Failure Device: (Flame detector) This device shuts off the fuel supply if the burner
flame goes out, preventing unburned fuel from accumulating and potentially causing an
explosion.

5. Automatic Feedwater Regulator: This device maintains the correct water level in the boiler
by controlling the feedwater supply.

6. Emergency Shutoff: This control allows for the immediate shutdown of the boiler in case of
an emergency.

7. Combustion Air Proving Switch: This switch ensures that there is adequate air supply for
combustion before the burner can ignite.

8. Interlocks: These are safety devices that prevent the boiler from operating under unsafe
conditions, such as low water levels or high pressure.

These safety controls work together to ensure that the boiler operates safely and efficiently,
protecting both the equipment and the personnel operating it.
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Advantages and disadvantages of fire tube and water tube boilers:

Boiler type

Advantages

Disadvantage

Fire tube boiler

Simple Design: Easier to
operate and maintain due to
their straightforward
construction

Lower Pressure and
Capacity: Limited to lower
pressure and steam capacity
applications

Lower Initial Cost: Generally,
less expensive to purchase
and install.

Slower Response to Load
Changes: Larger water
volume means slower
response to changes in steam
demand.

Compact Size: Suitable for
smaller spaces and lower
steam demands.

Ease of Maintenance: Easier
access for cleaning and
repairs

Water Tube Boiler

Higher Pressure and
Capacity: Can handle higher
pressures and larger steam
capacities

Complex Design: More
complex and expensive to
design and manufacture

Faster Response to Load
Changes: Smaller water
volume allows for quicker
adjustments to steam
demand.

Higher Efficiency: More
efficient heat transfer and fuel
usage

Higher Initial Cost: More
expensive to purchase and
install.

Maintenance Challenges:
More difficult to clean and
maintain due to the intricate
design.

Lower tolerance for water
quality and needs water
treatment plant
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Boiler Efficiency

Several factors can affect the performance of a boiler, influencing its efficiency, safety, and
longevity. Here are some key factors to consider:

1.

10.

11.

Fuel Quality: The type and quality of fuel used can significantly impact boiler performance.
Poor-quality fuel can lead to incomplete combustion, increased emissions, and higher
maintenance costs.

Water Quality: Impurities in the feedwater, such as dissolved solids, minerals, and gases,
can cause scaling, corrosion, and fouling, reducing heat transfer efficiency and potentially
damaging the boiler.

Combustion Efficiency: Proper air-to-fuel ratio and efficient combustion are crucial for
optimal boiler performance. Inadequate combustion can lead to soot buildup, increased
fuel consumption, and higher emissions.

Boiler Load: Operating the boiler at its optimal load range ensures maximum efficiency.
Frequent cycling or operating at low loads can reduce efficiency and increase wear and tear.

Maintenance Practices: Regular maintenance, including cleaning, inspection, and timely
repairs, helps maintain boiler efficiency and prevent unexpected breakdowns.

Insulation: Proper insulation of the boiler and associated piping minimizes heat losses,
improving overall efficiency.

Heat Exchanger Condition: The condition of the heat exchanger surfaces affects heat
transfer efficiency. Fouling or scaling on these surfaces can reduce performance.

Control Systems: Advanced control systems can optimize boiler operation by adjusting
parameters such as fuel flow, air supply, and water level, enhancing efficiency and safety.

Boiler Design: The design and configuration of the boiler, including the type of heat
exchanger, burner, and overall layout, play a significant role in its performance.

Operator Training: Well-trained operators can effectively manage boiler operations,
ensuring optimal performance and quick response to any issues.

Load Variations: Sudden changes in load demand can affect boiler performance. Boilers
designed to handle variable loads efficiently will perform better under fluctuating
conditions.

By monitoring and optimizing these factors, you can improve boiler performance, enhance
efficiency, and extend the lifespan of the equipment.

@ Bﬂﬁy(// G 1((7\//1



Chemical treatment for Boiler feedwater

Boiler feed water treatment is essential to ensure the longevity and efficiency of the boiler system.
Proper treatment helps prevent issues such as scaling, corrosion, and fouling, which can lead to
reduced efficiency and potential damage. Here are the main steps involved in boiler feed water

treatment:

1. Pre-Treatment: (DM Unit)

o

o

Screening and Filtration: Removes large particles and debris from the water.

Softening: Uses ion exchange to remove hardness-causing minerals like calcium
and magnesium, which can form scale.

2. Deaeration:

o

Mechanical Deaeration: Removes dissolved gases such as oxygen and carbon
dioxide using a deaerator. This helps prevent corrosion in the boiler system.

Chemical Deaeration: Uses chemicals like sodium sulfite or hydrazine to remove
any remaining dissolved oxygen.

3. Chemical Treatment:

o

pH Control: Adjusts the pH of the feed water to prevent corrosion and scaling.
Typically, alkaline chemicals like sodium hydroxide are used.

Oxygen Scavengers: Chemicals that remove residual oxygen to prevent corrosion.

Scale Inhibitors: Chemicals that prevent the formation of scale by keeping
dissolved minerals in solution. Phosphates: are widely used to prevent scale
formation by reacting with calcium and magnesium salts to form non-adherent

sludge.

Corrosion Inhibitors: Chemicals that form a protective film on metal surfaces to
prevent corrosion. Neutralizing Amines: Chemicals like morpholine,
cyclohexylamine, and diethylamino ethanol (DEAE) neutralize acidic compounds in
the condensate, maintaining a stable pH and preventing corrosion

4. Monitoring and Control:

o

Continuous Monitoring water quality parameters such as pH, conductivity, and
dissolved oxygen levels and adjust chemical dosing and other treatment processes
based on real-time data.
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Products System

Function

HYDREXTM 1992 Steam Generation

Oxygen Scavenging

HYDREX™ 1646 | Steam Generation

Steam & Condensate
Corrosion Inhibitor

HYDREX™ 1805 | Steam Generation

Scale Inhibitor

HYDREX™ 1802 | Steam Generation

02 scavenger

HYDREX™ 1565 | Steam Generation

Alkalinity Builder

By implementing these treatment steps, you can ensure that the boiler feed water is of high quality,
which helps maintain efficient and safe boiler operation.

Boiler water and Feed water specification

Parameters
Appearance Clear-Clear | Clear-Clear
pH 10-11.5 8.5-9.5
Conductivity [ps/cm) 1200 Max 300 Max
TDS [mg/l) 800 Max 20D Max
Total Hardness as CaCO3 (mg/1) Nil Max Nil Max
Ca Hardness as CaC03 (mg/l) - =
M Alkalinity as CaCO3 (mg/l1) 350 Max =
Chloride as Cl (mg/1) - -
Total Iron as Fe (mg/1) 2 Max 0.2 Max
Suspended Solids (mg/1) = Max 1 Max
H-1802, as Sulphite 20-60 -
H-1803, as Phosphate 20-60 -

H-2854, as Orthophosphate

Silica as Si02 (mg/l)

Cycle of Concentration (COC)
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Blowdown procedures
Blowdowns are essential for maintaining the health and efficiency of boilers.
1. Removal of Impurities

Boiler blowdown helps eliminate accumulated solids and dissolved impurities from the boiler
water. When water is heated to produce steam, it leaves behind solids that can accumulate and
form sludge. If not removed, these impurities can lead to scaling and corrosion, which diminish the
boiler's efficiency and lifespan.

2. Maintaining Water Quality

Regular blowdown ensures proper water chemistry by controlling the concentration of total
dissolved solids (TDS). High TDS levels can lead to overheating of boiler metal, causing potential
failures. By performing blowdown, operators can maintain optimal water quality, ensuring safe and
efficient boiler operation.

3. Operational Efficiency

Effective blowdown practices enhance the overall efficiency of the boiler system, reducing fuel
consumption and operational costs. By keeping the boiler clean and well-maintained, operators
can ensure that the system runs at peak performance, maximizing energy efficiency.

In summary, routine blowdown procedures are vital for preventing boiler failure, ensuring safety,
maintaining water quality, and optimizing operational efficiency. Regularly scheduled blowdown
not only extends the life of the boiler but also contributes to a safer and more efficient industrial
operation.
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Other important related Concepts
What is Steam?

Steam is the gaseous phase of water, produced when water is heated to its boiling point and
undergoes a phase change from liquid to gas. It is commonly used in various industrial processes,
heating systems, and power generation.

Boiling point is the temperature at which a liquid turns into a gas. This occurs when the vapor
pressure of the liquid equals the surrounding atmospheric pressure. For example, water boils at
100°C (212°F) at sea level.

Vapor pressure is the “push” that vapor molecules exert when they escape from a liquid or solid
surface. For example, when you heat water, its vapor pressure increases until it reaches the boiling
point, where the vapor pressure equals the atmospheric pressure, causing the water to boil.

Saturated Steam

Saturated steam is steam that is in equilibrium with liquid water at the same temperature and
pressure. This means it contains the maximum amount of water vapor without any liquid water
present. It occurs at the boiling point of water for a given pressure. For example, at atmospheric
pressure (101.3 kPa), water boils and produces saturated steam at 100°C (212°F).

Superheated Steam

Superheated steam is steam that has been heated beyond its boiling point at a given pressure,
without any liquid water present. This means it has a higher temperature than saturated steam at
the same pressure. Superheated steam is used in applications where higher thermal energy is
required, such as in turbines for power generation.

Latent Heat

Latent heat is the amount of heat required to change the phase of a substance without changing its
temperature. For water, the latent heat of vaporization is the heat required to convert water into
steam at its boiling point. This energy is used to break the molecular bonds in the liquid phase,
allowing the molecules to move freely as a gas.

Sensible Heat

Sensible heat is the heat added or removed from a substance that causes a change in temperature
but does not change its phase. For example, heating water from 20°C to 100°C involves adding
sensible heat.

Relation between steam Pressure and its Temperature: The pressure and temperature of steam
are directly related. Higher pressure steam has a higher temperature. This relationship is described
by steam tables, which provide the properties of steam at various pressures and temperatures.

Specific Volume: This is the volume occupied by a unit mass of steam. It decreases as pressure
increases.
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Enthalpy: This is the total heat content of steam, including both sensible and latent heat. It is
usually expressed in klJ/kg.

Applications of Steam
e Power Generation: Steam is used to drive turbines in power plants.
e Heating: Steam is used in heating systems for buildings and industrial processes.
e Sterilization: Steam is used in autoclaves for sterilizing medical equipment.

e Mechanical Work: Steam engines use steam to perform mechanical work.

THANK YOU
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