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THERMODYNAMICS  

Thermodynamics deals with the change of one form of energy to another form. Thermodynamics 

emerged primarily during the nineteenth century. The fundamental concepts of thermodynamics 

consider the problem of conversion of heat into mechanical work and vice versa, which inspired 

the great "Industrial Revolution". Thermodynamics can be defined as the science of energy and 

its effect on the physical properties of substances. The name thermodynamics was formed from 

the Greek words therme (heat) and dynamics (power). Thermodynamics is a branch of Physics 

that deals with the relationship among heat, work and properties of system which are in 

equilibrium with one another.  

Thermodynamic System: Certain quantity of matter or region in space which is under 

thermodynamic study or analysis is called as a thermodynamic system. Let us say for example we 

are studying the engine of the vehicle, in this case engine is called as the system. Similarly, the 

other examples of system can be complete refrigerator, air-conditioner, washing machine, heat 

exchange, a utensil with hot water etc.  

Surroundings: Everything external to the system is called surroundings.  

System boundary: Interface separating system and surroundings. Boundaries can also be fixed 

or moveable (e.g. a piston).  

 
Figure 4.1        Figure 4.2 

 

Universe: Combination of system and surroundings.  

 

Types of Thermodynamic Systems  

There are three mains types of system: open system, closed system and isolated system.  
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Open system: The system in which the transfer of mass as well as energy can take place across 

its boundary is called as an open system. 

Types of Thermodynamic Systems  

There are three mains types of system: open system, closed system and isolated system.  

Open system: The system in which the transfer of mass as well as energy can take place across 

its boundary is called as an open system  

 
Figure 4.3 

 

THERMODYNAMIC PROPERTY  

A property is any measurable characteristic of a system. The common properties include: 

pressure (P), temperature (T), volume (V), velocity (v), mass (m), enthalpy (H), entropy (S).  

Properties can be intensive or extensive. Intensive properties are those whose values are 

independent of the mass possessed by the system, such as pressure, temperature, and velocity. 

Extensive properties are those whose values are dependent of the mass possessed by the 

system, such as volume, enthalpy, and entropy  

STATE, PATH & PROCESS  

When all the properties of a system has definite value at a particular instant, then the system is 

said to exist in a state at that instant. At a given state all the properties of the system have definite 

values. If the value of even one property changes, the state of the system changes.  

When the properties of a system are assumed constant from point to point and there is no 

change over time, the system is in a thermodynamic equilibrium.  

A system is said to be at steady state if none of its properties changes with time.  

The changes that a system undergoes from one equilibrium state to another is called a process. 

The series of states through which a system passes during a process is called path.  

If a system returns to its initial state at the end of a process, then the system is said to have 

undergone a cycle. For a cycle the initial and final state are the same.  
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                       Figure 4.4      Figure 4.5    

POINT FUNCTION  

Point function does not depend on the path of the system. It only depends on the state of the 

system. Examples of point functions are: temperature, pressure, density, mass, volume, 

enthalpy, entropy, internal energy etc. Change in point function can be obtained from the initial 

and final values of the function. These properties can be located on a graph by a point.  

PATH FUNCTION  

Path function depends on the path by which system arrived at a given state. Examples for path 

functions are work and heat. These properties cannot be located on graph by a point but are 

given by area. Path has to defined in order to evaluate path functions. It depends on nature of 

process that can follow different paths between same states.  

Path functions are not properties of the system, while point functions are properties of the 

system.  

THERMODYNAMIC PROCESS  

When any of the properties of the system such as temperature, pressure, volume etc change, the 

system is said to have undergone thermodynamic process. Various types of thermodynamic 

processes are: isothermal process, adiabatic process, isochoric process, isobaric process.  

Isothermal process: When the system undergoes change from one state to the other, but its 

temperature remains constant, the system is said to have undergone isothermal process. For 

instance, in our example of hot water in thermos flask, if we remove certain quantity of water 

from the flask, but keep its temperature constant at 50 degree Celsius, the process is said to be 

isothermal process.  

Another example of isothermal process is latent heat of vaporization of water. When we heat 

water to 100 degree Celsius, it will not start boiling instantly. It will keep on absorbing heat at 

constant temperature; this heat is called latent heat of vaporization. Only after absorbing this 

heat water at constant temperature, water will get converted into steam.  

Adiabatic process: The process, during which the heat content of the system remains constant, 

is called as adiabatic process. Thus in adiabatic process no transfer of heat between the system 

and its surroundings takes place. The wall of the system which does not allows the flow of heat 

through it, is called as adiabatic wall, while the wall which allows the flow of heat is called as 

diathermic wall.  

Isochoric process: The process, during which the volume of the system remains constant, is called 

as isochoric process. Heating of gas in a closed cylinder is an example of isochoric process.  
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Isobaric process: The process during which the pressure of the system remains constant is called 

as isobaric process.  

 

QUASI STATIC or QUASI EQUILIBRIUM PROCESS  

When a process proceeds in such a manner that the system remains infinitesimally close to an 

equilibrium state at all times, it is called a quasi-static, or quasi equilibrium process. A quasi static 

process can be considered as a sufficiently slow process that allows the system to adjust itself 

internally so that properties in one part of the system do not change any faster than those at 

other parts.  

Quasi means almost or near to. Quasi–Static process means very nearly static process.  

 
 

Figure 4.6 

ZEROTH LAW OF THERMODYNAMICS  

Consider three systems namely A, B and C. If the system A and B are in thermal equilibrium 

separately and A and C are in thermal equilibrium separately, then B and C should be in thermal 

equilibrium.  

When two bodies at different temperatures are brought in to contact, after some time, they 

attains a common equilibrium and are then said to exist in thermal equilibrium. This law is the 

basis for temperature measurement.  

 

 
Figure 4.7 

 

SIGNIFICANCE OF ZEROTH LAW OF THERMODYNAMICS  

The zeroth law is incredibly important as it allows us to define the concept of a temperature 

scale.  It is by the property of temperature that we can make out the difference between hot and 

cold body.  
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The zeroth law of thermodynamics can be used to compare temperature of several bodies. The 

Zeroth law of thermodynamics is the basis for measurement of temperature and setting its scale.  

Zeroth Law is very simple to understand and one may underestimate its importance, but it is this 

law that has given us crucial bases for measurement of an important property such as 

temperature. In fact we can say that thermometer is the gift of Zeroth law of thermodynamics.  

 

FIRST LAW OF THERMODYNAMICS  

The laws of thermodynamics are not like theorems in mathematics, which can be proved by 

deduction or inductive logic. They are based on experimental facts. So far, no experimental 

evidence is available to cast any doubt on the correctness of these laws. The first law of 

thermodynamics deals with the conservation of energy of a system which undergoes a change of 

state as a result of work and heat interactions.  

 
Figure 4.8 

 

A s a result of these experiments, Joule found that the net work done on the system was always 

proportional to the net energy removed from the system as heat, irrespective of the type of work 

interaction, the rate at which work was done on the system, and the method employed for 

transferring the energy in the form of work in to thermal energy.  

That is  

Net heat transfer = Net work transfer  ∮�Q (�rom system) = ∮�W( �n system)  

The first law of thermodynamics can be stated as: whenever a system undergoes a cyclic change, 

however complex the cycle may be, the algebraic sum of the work transfers is equal to the 

algebraic sum of energy transfers as heat.  

SIGNIFICANCE OF FIRST LAW OF THERMODYNAMICS  

The first law of thermodynamics is an expression of the principle of conservation of energy. The 

first law expresses that energy can be transformed (i.e. changed from one form to another), but 

cannot be created or destroyed.  

 

LIMITATIONS OF FIRST LAW OF THERMODYNAMICS  

The first law of thermodynamics is a law of conservation of energy only. It does not specify the 

direction of the process.  
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First law of thermodynamics does not stipulate any restriction in the efficiency of heat to work 

conversion.  

All spontaneous process proceed in one direction only. The first law of thermodynamics does not 

deny the feasibility of a spontaneous process reversing itself.  

The spontaneous processes proceed in one direction only and they never proceed in the reverse 

direction on their own. Het always flows from a body at a higher temperature to a body at a lower 

temperature, water always flows downwards. The reverse of these never happens 

spontaneously. The first law of thermodynamics does not rule out the feasibility of spontaneous 

process reversing on its own. Therefore, to explain the phenomenon of certain processes 

proceeding in one particular direction only, we need another law. This law is called second law 

of thermodynamics.  

 

Heat and Work  

Energy can be divided in two types Stored energy {chemical, electrical, mechanical (potential and 

kinetic)} and Transit energy (heat and work)(Energy interchange between system and its 

surroundings) .  

Heat (Q) is defined as the form of energy that is transferred between two systems (or a system 

and its surroundings) by virtue of a temperature difference. That is, an energy interaction is heat 

only if it takes place because of a temperature difference. Then it follows that there cannot be 

any heat transfer between two systems that are at the same temperature, therefore Heat is 

energy in transition. It is recognized only as it crosses the boundary of a system. Thus, in 

thermodynamics, the term heat simply means heat transfer.  

Work (W), like heat, is an energy interaction between a system and its surroundings. Energy can 

cross the boundary of a closed system in the form of heat or work. Therefore, if the energy 

crossing the boundary of a closed system is not heat, it must be work. Heat is easy to recognize: 

Its driving force is a temperature difference between the system and its surroundings. Then we 

can simply say that an energy interaction that is not caused by a temperature difference between 

a system and its surroundings is work.  

A thermal reservoir is a large system from which a finite quantity of energy can be extracted as 

heat or to which a finite quantity of energy can be added as heat without changing its 

temperature.  

Heat Source: Supply thermal energy (infinite amount) without changing its temperature.  

Example: Sun, Industrial Furnace etc..  

Heat Sink: Can absorb thermal energy (infinite amount) without changing its temperature.  

Example: Atmosphere  

SECOND LAW OF THERMODYNAMICS  

There are two statements of the second law of thermodynamics.  

(a) Kelvin Plank Statement  

It is impossible for a heat engine to produce network in a complete cycle if it exchanges heat only 

with bodies at a single fixed temperature.  

The Kelvin Plank statement tells us that it is impossible to construct an engine which, while 

operating cyclically, absorbs a certain amount of energy as heat from a high temperature 

reservoir (source) and converts all of it in to work. Thus, the Kelvin Plank statement implies that 
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no heat engine can have 100% efficiency. This does not violate the first law of thermodynamics 

either.  

(b) Clausis Statement  

It is impossible to construct a device that, working cyclically, will produce no other effect than the 

transfer of energy in the form of heat from a low temperature body to high temperature body.  

SIGNIFICANCE OF FIRST LAW OF THERMODYNAMICS  

First law of thermodynamics does not stipulate any restriction in the efficiency of heat to work 

conversion.  

The Clausius statement of second law of thermodynamics tells that spontaneous process cannot 

proceed in the reverse direction.  

 

 

 

IRRIVERSIBILITIES  

A process becomes irreversible due to the presence of irreversibility.  

Irreversibility is caused due to the presence of Mechanical friction, Magnetic hysteresis, Electrical 

resistance, Viscosity, Inelasticity etc which are unavoidable. These irreversibility increases the 

e t opy  of the syste .  
Entropy is a new property defined by second law. Entropy is a measure of the "disorder" of a 

syste . It is ep ese ted y “ . The highe  the diso de , the g eate  the e t opy. E t opy is a 
point function. It is a property of the system. As mentioned earlier the second law of 

thermodynamics distinguishes between a reversible and irreversible process. It does so with the 

help of entropy.  

 

CARNOT CYCLE & CARNOT ENGINE  

A cycle consisting of only reversible process are called reversible cycle. Carnot cycle is practically 

not possible. It is used as a reference or model for heat engine cycles as it gives maximum 

efficiency. It is used to compare actual heat engine cycle efficiencies.  

Process 1-2 : Reversible Isothermal Heat Addition. Initially (state 1) the temperature of the gas 

is T1 and the cylinder head is in close contact with a source at temperature T1.  

Process 2-3: Reversible Adiabatic Expansion. At state 2, the reservoir that was in contact with 

the cylinder head is removed and replaced by insulation so that the system becomes adiabatic.  

Process 3-4: Reversible Isothermal Heat Rejection. At state 3, the insulation at the cylinder head 

is removed, and the cylinder is brought in to contact with a sink at temperature T2. Now piston 

is pushed inward by an external force, doing work on the gas.  

Process 4-1: Reversible Adiabatic Compression. State 4 is such that the low temperature 

reservoir is removed and the insulation is put back on the cylinder head, and as a result the gas 

is compressed in a reversible manner, the gas returns to its initial state (state 1). The temperature 

rises from T2 to T1.  

The efficiency of Carnot Cycle is �carnot = (�1−�2)/�1 = (�1−�2)/T1 

 

CLAUSIUS INEQUALITY  

When a system undergoes a complete cyclic process, (�Q/�)≤0  

This is known as clausius inequality  
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BOILER 

 The boiler system comprises a feed-water system, steam system, and fuel system. The 

feed-water system supplies treated water to the boiler and regulate it automatically to 

meet the steam demand. Various valves and controls are provided to access for 

maintenance and monitoring. 

 The steam system heats and vaporizes the feed water and controls steam produced in the 

boiler. Steam is directed through a piping system to the application. Throughout the 

system, steam pressure is regulated using valves and monitored with steam pressure 

gauges. 

 The fuel system consists of all equipment used to supply of fuel to generate the necessary 

heat. The equipment required in the fuel system depends on the type of fuel used in the 

system. 

 

Boilers Classification: 

There are a large number of boiler designs, but boilers can be classified according to the following 

criteria: 

1. According to Relative Passage of water and hot gases: 

1. Water Tube Boiler: A boiler in which the water flows through some small tubes which are 

surrounded by hot combustion gases, e.g., Babcock and Wilcox, Stirling, Benson boilers, 

etc. 

2. Fire-tube Boiler: The hot combustion gases pass through the boiler tubes, which are 

surrounded by water, e.g., Lancashire, Cochran, locomotive boilers, etc. 

2. According to Water Circulation Arrangement: 

1. Natural Circulation: Water circulates in the boiler due to density difference of hot and 

water, e.g., Babcock and Wilcox boilers, Lancashire boilers, Cochran, locomotive boilers, 

etc. 

2. Forced Circulation: A water pump forces the water along its path, therefore, the steam 

generation rate increases, Eg: Benson, La Mont, Velox boilers, etc. 

3. According to the Use: 

1. Stationary Boiler: These boilers are used for power plants or processes steam in plants. 

2. Portable Boiler: These are small units of mobile and are used for temporary uses at the 

sites. 

3. Locomotive: These are specially designed boilers. They produce steam to drive railway 

engines. 

4. Marine Boiler: These are used on ships. 

4. According to Position of the Boilers: 
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 Horizontal, inclined or vertical boilers 

5. According to the Position of Furnace 

1. Internally fired: The furnace is located inside the shell, e.g., Cochran, Lancashire boilers, 

etc. 

2. Externally fired: The furnace is located outside the boiler shell, e.g., Babcock and Wilcox, 

Stirling boilers, etc. 

6. According to Pressure of steam generated 

 Low-pressure boiler: a boiler which produces steam at a pressure of 15-20 bar is called a 

low-pressure boiler. This steam is used for process heating. 

 Medium-pressure boiler: It has a working pressure of steam from 20 bars to 80 bars and 

is used for power generation or combined use of power generation and process heating. 

 High-pressure boiler: It produces steam at a pressure of more than 80 bars. 

 Sub-critical boiler: If a boiler produces steam at a pressure which is less than the critical 

pressure, it is called as a subcritical boiler. 

 Supercritical boiler: These boilers provide steam at a pressure greater than the critical 

pressure. These boilers do not have an evaporator and the water directly flashes into 

steam, and thus they are called once through boilers. 

7. According to charge in the furnace. 

 Pulverized fuel, 

 Supercharged fuel and 

 Fluidized bed combustion boilers. 

Babcock and Wilcox boiler: 

The Babcock and Wilcox boiler are also is known as Longitudinal Drum Boiler or Horizontal 

Tubes Boiler. It is probably the first water tube boiler designed and widely used across the globe. 

A schematic of the Babcock and Wilcox boiler is shown in the figure below. 

  
Figure 4.9 Babcock and Wilcox boiler 

Construction: 

1. A horizontal steam and water drum: this is the main part of the boiler. It is supported by 

a steel structure at a certain height and is independent of brickworks. The size of the 

boiler drum is small as compared with the boiler drum of a fire-tube boiler of the same 
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capacity. It has water and steam. All safety and control devices are mounted on the boiler 

drum. 

2. A bundle of steel tubes: the front end of the boiler drum is connected to the uptake header 

(water box) by a short tube and the rear end is connected to the down take header (water 

box) by a long tube. In between the headers, a number of small-diameter steel tubes are 

fitted at an angle of 5° to 15° with the horizontal to promote the water circulation. These 

steel tubes are arranged in the combustion chamber in a zigzag way so that more surface 

area of the tube is exposed to hot gases. 

3. Combustion chamber: it is the space above the grate, below the front end of the drum 

where combustion of fuel takes place. This chamber enclosed by brickwork and is lined 

from inside by fire bricks. Doors are provided to give access for cleaning, inspection, and 

repairing. The combustion chamber is divided into the separate compartments above the 

furnace is the hottest and the last chamber is of lowest temperature. This makes the path 

of hot gases longer before leaving the boiler through the chimney. The super heater is 

placed between the drum and water tubes. Dampers are provided at the rear end of the 

chamber to regulate the fresh air supply for maintaining proper combustion of fuel. 

4. Safety and control devices: They are called mountings, as basically these devices mount 

over boiler drum. These are the safety valve, pressure gauge, water-level indicator, feed 

check valve, steam-stop valve, blow of cock, fusible plug, and manhole. 

Operation: 

 The water in Babcock and Wilcox boilers pumped by a feed pump and it enters the drum 

through the feed check valve up to the pre-specified level so that the headers and tubes 

are always flooded. When the combustion takes place above the grate, the products of 

hot gases come out and rush through each compartment of the combustion chamber. 

Hence, the rear part of the tubes has the lowest temperature and the front part of the 

tubes as highest temperature. When water is heated inside the tube. Due to continuous 

heat supply, some of the water gets vaporized into steam inside the tubes and a mixture 

of water and steam enters the boiler drum through the uptake header. The cold water 

from the boiler drum comes down through the uptake header and enters the lower end 

of the water tubes for getting heated further. This natural circulation is called thermo 

siphon system. 

 The steam generated gets collected in the steam space above water space in the boiler 

drum. In order to remove all water particles from the steam, it is finally through the 

superheating. The superheated steam is then available for use. 

Special features of water tube boiler: 

 Water tube boilers have the high evaporating capacity (20,000 to 40,000 kg/h) compared 

with other boilers. The operating pressure lies between 11.5 to 17.5 bar. 
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 The draft losses are minimum. 

 The defective tubes in water tube boilers can be identified and replaced easily. 

 The entire boiler rests on iron structures, independent of brick structure. 

 

FIRE TUBE BOILER 

It is the simplest form of the internal furnace, vertical fire tube boiler. Fire tube boilers are a 

po ta le oile  a d it e ui es a s all floo  spa e. The stea  ati g i  fi e tu e oile s does ’t 
exceed 2500 kg per hour and pressure is limited to 10 bars. 

 

 
Figure 4.10 

 

Construction: 

 Fire tube boiler consists of a vertical, cylindrical shell, equipped with a fire box in the 

bottom, water space in the middle portion and steam space in the upper portion. The fire 

grate is placed at the bottom of the fire box and coal is fired at the fire box. An ash pit is 

located at the bottom of the grate to collect the ash of burnt coal, which is periodically 

removed. 

 One or more cross tubes are either flanged or riveted to the water space are located in 

the fire box to increase the heating surface area to improve the water circulation. A short 

chimney is connected at the top of the fire box to discharge the waste flue exhaust gases 

at some greater height. Manhole and hand holes are provided for cleaning the interior of 

the boiler shell and cross tubes. 

 The boiler consists of a pressure gauge, water level indicator, safety valve, steam stop 

valve and a manhole as mountings to provide safety and ease of working. 

 

Working: 

Fuel burns on the grate in the fire box. The resulting hot flue gases are allowed to pass around 

the cross tubes. The water surrounding the cylindrical fire box also receives heat by convection 

and radiation. Thus steam is produced. The water circulation in the boiler depends on the density 

difference in water, created by the temperature difference in water. 
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 Types of Fire Tube Boilers: 

1. Cornish boiler 

2. Lancashire boiler 

3. Locomotive boiler 

4. Scotch marine boiler 

5. Admiralty-type direct tube boiler 

6. Horizontal return tubular boiler 

7. Immersion fired boiler 

8. Vertical fire-tube boiler 

 

Boiler Mountings and Accessories  

 

 
 

Figure 4.11 

 

The different boiler mountings and accessories that are installed on the steam boiler are as 

follows 

 

Boiler mountings 

 

1. Water level indicator (Water level gauge) 

2. Pressure gauge 

3. Safety valves 

4. Stop valve 

5. Blow off cock (Blow off valve) 

6. Feed check valve 
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Boiler accessories 

1. Air pre-heater 

2. Super heater 

3. Economiser 

4. Feed pump 

 

The function of various boiler mountings and accessories are: 

 

1. Water Level Indicator 

 It is fitted in front of the boiler and generally present two in number. 

 It is used to indicate the water level inside the boiler. It shows the instantaneous level of 

water that is present inside the steam boiler which is necessary for its proper working. 

 

2. Pressure gauge 

 It is also present in front of the boiler. 

 It is used to measure the pressure of the steam inside the boiler. 

 The pressure gauges generally used are of Bourdon type 

 

3. Safety Valves 

 Safety valves are attached to the steam boiler chest. 

 It is used to prevent explosion due to excessive internal pressure. When the internal 

pressure inside the boiler exceeds its working pressures than the safety valves blow off 

the steam and maintains the internal pressure. 

 Generally two safety valves are present on a boiler. 

 

4. Stop Valve (steam stop valve) 

 It is usually fitted on the highest part of the boiler with the help of a flange. 

 The main function of the stop valve is 

1. To control the flow of steam from the boiler to the main steam pipe. 

2. To completely shut off the steam supply when required. 

 

5. Blow Off Cock 

 It is fitted at the bottom of the boiler drum. 

 The functions of blow off cock is 

1. To empty the boiler whenever required. 

2. To discharge the scale, mud and sediments which gets collected at the bottom of the 

boiler. 

 

6. Feed Check Valve 

 It is non-return valve and fitted to a screwed spindle to regulate the lift. 
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 It is fitted to the shell slightly below the normal water level of the boiler. A boiler must 

have its spindle lifted before the pump is started. 

 It regulates the supply of water which is pumped into the boiler by feed pump. 

 

7. Fusible Plug 

 It is fitted to the crown plate of the furnace or firebox. 

 Its function is to extinguish fire in the furnace when the water level in the boiler falls to 

an unsafe limit. This avoids the explosion that may takes place because of the overheating 

of the furnace plate. 

Boiler accessories: the boiler accessories are the integral parts of the boiler. They are used in the 

boiler to improve its efficiency. 

 

1. Air preheater 

 It is used to recover heat from the exhaust gases.  

 It is installed between the economiser and the chimney. 

 

2. Super heater 

 It is placed in the path of hot flue gases from the furnace. 

 A super heater is an important accessory used in the boiler. Its main function is to increase 

the temperature of saturated steam without raising its pressure. 

 

3. Economiser 

 It is used to heat the feed water by the utilization of heat from the hot fuel gases before 

it leaves the chimney. 

 A economiser improves the economy of the steam boilers. 

 

4. Feed pump 

 It is used to deliver water to the boiler. 

 

 

Boiler Efficiency is a term which establishes a relationship between energy supplied to the boiler 

and energy output received from the boiler. It is usually expressed in percentage. As a general 

ule, Boiler efficiency (%) = heat exported by the fluid (water, steam) / heat provided by the fuel 

x 100." 

Boiler efficiency = (Heat output/Heat input)*100 

     = (Heat in steam output (Kcal)/ Heat in fuel input (Kcal))*100  

     = [Steam flow rate * (steam enthalpy- feed water enthalpy)/(Fuel firing rate * 

Gross calorific value)] * 100 

   

Evaporation Ratio = Quantity of steam generation/ Quantity of fuel consumption 
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Natural draught: 

The natural draught is obtained with the use of tall chimney which may be sufficient or 

insufficient to overcome the losses in the system. Its usefulness depends upon the capacity of 

the plant and duct work. This system of producing the draught is useful for small capacity boilers 

and it does not play much important role in the present high capacity thermal power plants. A 

chimney is a vertical structure of masonry; brick, steel or reinforced concrete built for the 

purpose of enclosing a column of hot gases to produce the draught and discharge the gases high 

enough which will prevent an air pollution the draught produced by the chimney is due to the 

temperature difference of hot gases in the chimney and cold air outside the chimney. 

 

Artificial draught: 

Artificial draught can be further classified as: 

 Forced draught: 

In a forced draught system, a lower is installed near the base of the boiler and air is forced to 

pass through the furnace, flues, and economizer, air-preheater and to the stack. This draught 

system is known as positive draught or forced draught system because the pressure of air 

throughout the system is above atmospheric draught system or forced draught system because 

the pressure of air throughout the system is above atmospheric pressure and air is forced to flow 

through the system. A stack or chimney is also used in this system but its function is to discharge 

gases high in the atmosphere to prevent the contamination. It is not much significant for 

producing draught therefore height of the chimney may not be very much. 

 Induced draught: 

In this system, the blower is located near the base of the chimney instead of near the grate. The 

air is sucked in the system by reducing the pressure through the system below atmosphere. The 

induced draught fan sucks the burned gases from the furnace and the pressure inside the furnace 

is reduced below atmosphere and induces the atmospheric air to flow through the furnace. The 

action of the induced draught is similar to the action of the chimney. The draught produced is 

independent of the temperature of the hot gases therefore the gases may be discharged as cold 

as possible after recovering as much heat as possible in the air-preheater and economizer. 
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	 The boiler system comprises a feed-water system, steam system, and fuel system. The feed-water system supplies treated water to the boiler and regulate it automatically to meet the steam demand. Various valves and controls are provided to access for...
	 The steam system heats and vaporizes the feed water and controls steam produced in the boiler. Steam is directed through a piping system to the application. Throughout the system, steam pressure is regulated using valves and monitored with steam pre...
	 The fuel system consists of all equipment used to supply of fuel to generate the necessary heat. The equipment required in the fuel system depends on the type of fuel used in the system.
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