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Figure 1.1 Duplex Arrangement of Strainers in a Pipeline
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Figure 1.3 Relation between Residual Oxygen and Excess Air
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Figure 1.9 Biomass Combustion in a Boiler
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Figure 2.1 Boiler System Schematic



Packaged Boiler: The packaged boiler is so called because it comes as a complete package.
Once delivered to site, it requires only the steam, water pipe work, fuel supply and electrical
connections to be made for it to become operational. Package boilers are generally of shell
type with fire tube design so as to achieve high heat transfer rates by both radiation and
convection (Refer Figure 2.4).





The pulverized coal is blown with part of the
combustion air into the boiler plant through a series
of burner nozzles. Secondary and tertiary air may
also be added. Combustion takes place at
temperatures from 1300-1700°C, depending
largely on coal grade. Particle residence time in the
boiler is typically 2 to 5 seconds, and the particles
must be small enough for complete combustion to
have taken place during this time.

This system has many advantages such as ability to
fire varying quality of coal, quick responses to
changes in load, use of high pre-heat air
temperatures etc.







































Water/steam is used as heat carrier in many heating applications. However, at high 
temperatures, steam requires a corresponding high operating pressure. Industrial heating 
systems, a high temperature level is often a great advantage, and establishing this with 
steam can be very cumbersome and expensive in some cases.

In thermic fluid heaters, a special type of oil-synthetic / mineral -is used as heat carrier. This 
ofluid can be heated up to 300 C at atmospheric pressure. In comparison steam would 

require a pressure of 85 bars to obtain this temperature.

There are several advantages in using thermic fluids compared to steam systems. The most 
obvious advantages are as follows.







The Table 2.5 gives the theoretical amount of air required for combustion of various types 
of fuel. Excess air is required in all practical cases to ensure complete combustion, to allow 
for the normal variations in combustion and to ensure satisfactory stack conditions for 
some fuels.  The optimum excess air level for maximum boiler efficiency occurs when the 
sum of the losses due to incomplete combustion and loss due to heat in flue gases is 
minimum.  This level varies with furnace design, type of burner, fuel and process 
variables.  It can be determined by conducting tests with different air fuel ratios.  







Short Type Questions



Long Type Questions





The heat required to change the temperature of a 
substance is called its 

oIf 1 kg of water in a vessel at 25 C i.e. containing 
heat value of 25 kCal is heated by adding 75 kCal, 

othe water is brought to boiling point of 100 C. 

sensible heat.   

To change the water to steam, an additional 540 
kCal would be required. This quantity of heat 
required to change a chemical from the liquid to 
the gaseous state is called   latent heat. 



2For a boiler is operating at a pressure of 8 kg/cm ,  
osteam saturation temperature is 170 C and steam 

enthalpy or total heat of dry saturated steam is 
given by:
h  + h  = 171.35 + 489.46 = 660.81 kCal/kg.f fg

If the same steam contains 4% moisture, the 
total heat of steam is given by:
171.35 + 0.96 x 489.46 = 641.23 kCal/kg.
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Specific heat 

Specific heat 

Specific heat 
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Specific heat 
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Performance Evaluation of a Typical Fuel Fired Furnace
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Figure 4.12 Heat losses in industrial heating Furnaces
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The detailed calculation by indirect method (Heat balance method) is given in Chapter – 2 of 
Book – 4. Typical thermal efficiencies for common industrial furnaces are given in Table  4.2 



Figure 4.16: Relation Between Air Ratio and 
                      Exhaust Gas Loss
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4.23

4.23
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Figure 4.27 Characteristic Diagram of Energy Conservation for Reheating Furnace
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Insulation-types and Application, Economic Thickness of Insulation, Heat Savings 
and Application Criteria, Cold Insulation, Refractory-types, Selection and 
Application of Refractories, Heat loss.
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Table 5.1: Thermal Conductivity of Hot Insulation

The most basic model for insulation on a pipe is
shown in Figure 5.2.
r1 shows the outside radius of the pipe, r2 shows
the radius of the pipe+ insulation.

Heat loss from a surface is expressed as



Figure 5.3 Illustration of Optimal Insulation
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Fig

To explain the concept of economic thickness of insulation, we will use an example. (Refer Table 5.2)
Consider an 8 bar steam pipeline of 6” dia having 50-meter length. We will evaluate the cost of energy losses
when we use 1”, 2” and 3” insulation to find out the most economic thickness.
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5.6    Cold Insulation
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Table 5.3 Comparison of Properties of Cold Insulation Materials
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- Fused Cast
- Hand Moulded
- Formed Normal, fired or Chemically    

bonded.)
- Unformed (Monolithics- plastics, 

Ramming Mass, Gunning Castable, 
Spraying.) 
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5.12Heat Losses from Furnace walls 
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Introduction, Mechanism of Fluidized Bed Combustion, Types of FBC boilers, 
Retrofitting of FBC Systems to Conventional Boilers, Advantages of Fluidised Bed 
Combustion Boilers, Application Considerations with Biomass FBC Boilers, Retrofit of 
FBC Systems. 















The PFBC system can be used for cogeneration or combined cycle power generation. By combining
the gas and steam turbines in this way, electricity is generated more efficiently than in conventional
system.The overall conversion efficiency is higher by 5% to 8%. (Refer Figure 6.6).
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7.1     Need for Cogeneration











The four types of topping cycle cogeneration systems are briefly explained in Table 7.1.













Figure 7.8 Steam Turbine













Co-generation Plant Features















7.13 Microturbine
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Figure 8.3 Convective Recuperator



Figure 8.4 Convective Radiative Recuperator



Figure 8.5  Regenerator

Figure 8.6  Heat Wheel



The Heat Pipe comprises of three elements – a sealed container, a capillary wick structure 
and a working fluid.  The capillary wick structure is integrally fabricated into the interior 
surface of the container tube and sealed under vacuum.  Thermal energy applied to the 
external surface of the heat pipe is in equilibrium with its own vapour as the container tube is 
sealed under vacuum.  Thermal energy applied to the external surface of the heat pipe causes 
the working fluid near the surface to evaporate instantaneously.  Vapour thus formed 



absorbs the latent heat of vapourisation and this part of the heat pipe becomes an evaporator
region. The vapour then travels to the other end the pipe where the thermal energy is
removed causing the vapour to condense into liquid again, thereby giving up the latent heat
of the condensation. This part of the heat pipe works as the condenser region. The
condensed liquid then flows back to the evaporated region. Afigure of Heat pipe is shown in
Figure 8.7

Figure 8.7 Heat Pipe 





Figure 8.9 Shell & Tube Heat Exchanger



Plate Heat Exchanger



Figure 8.11 Two-Pass Water Tube Waste Heat Recovery Boiler





Figure 8.12 Heat pump 



Figure 8.13 Direct Contact Condenser
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Shell and Tube Heat Exchangers





Effectiveness:







(Figure 9.16)







Figure 9.18











The criterion for heat transfer among the following is the difference in _____ between the 
hot and cold fluid.
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