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UNIT IV 

Thermodynamics- Thermo-dynamic system, properties, state and process, Zeroth, I & II law of 

Thermodynamics, thermodynamic processes at constant pressure, volume, enthalpy & entropy 

Steam Engineering- Classification and working of boilers, mountings and accessories, Efficiency and 

performance analysis, Natural & artificial draught, steam properties, use of steam tables 

 

Thermodynamics 

Introduction and Definition  

Thermodynamics is a branch of science which deals with energy. Engineering thermodynamics is modified 

name of this science when applied to design and analysis of various energy conversion systems. 

The od a i s is the ranch of physical science that deals with the various phenomena of energy and 

related properties of matter, especially of the laws of transformations of heat into other forms of energy 

and vice- e sa.  

The od a i s s ste  is defi ed as the ua tit  of matter or region in space upon which the attention 

is concentrated. It is separated from the surroundings with the help of its boundary. Everything outside 

this ou da  is te ed as the su ou di gs . “ ste  a d su ou di gs he  put togethe  esult i  
universe. 

There are three classes of systems:- 

(a) Closed System- It s a s ste  of fi ed ass a d the e is o ass t a sfe  a oss the ou da  of the 
system. There may be energy transfer in or out of the system. 

(b) Open System- It is one in which matter crosses the boundary of the system, there may be energy 

transfer also. 

(c) Isolated System- It is one in which there is no interaction between system and surroundings in terms of 

energy and mass. 

 

Thermo dynamic Properties, Process and cycles:- 

Every system has certain characteristics by which its physical condition may be described like Volume, 

Temp, and Pressure etc such characteristics are called properties of the system. Properties are of two 

types intensive which are independent of the mass and extensive are related to mass. 

Any operation in which one or more of the properties of a system changes is called a change of state, 

when the path is completely specified the change of state is called a process like constant volume process. 

A thermodynamic cycle is defined as a series of state changes such that the final state is identical with 

initial state. 

 

Zeroth Law:-  

When a body A is in thermal equilibrium with a body B and also separately with a body C, then B and C will 

be in thermal equilibrium with each other. 

It is the basis of temperature measurement. 

 

 PdV work or Displacement work: - In a piston cylinder arrangement the force acting on the piston during 

travelling       F = p x a 

And the infinitesimal amount of work done by the gas on the piston  

        dw = F x dl 

              = p x a x dl 

              = p x dv    where dv = a x dl = displacement volume 
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PdV work in various processes:-  

(a) Constant pressure process 

 
        W1-2 = p x (V2 –V1) 

 

(b) Constant Volume process 

 
        W1-2 = p x (V2 –V1) = 0 

 

First Law of Thermodynamics 

The la  of o se atio  of E e g  states E e g  a  eithe  e eated o  e dest o ed ut it a  o l  
e o e ted f o  o e fo  to a othe . 

 ∮  Q = J∮  W 

But if a system undergoes a change of state during which both heat and work transfer are involved, the net 

energy transfer will be stored or accumulated within the system. 

If Q is the amount of heat and W is the amount of work transfer during the process the net energy transfer 

(Q-W) will be stored in the system 

Energy in storage is neither heat nor work and is given the name internal energy or simply the energy of 

the system. 

Therefore      Q-W = Δ E 

 Where   Δ E is the i ease i  the e e g  of the s ste . 
 

Second Law of Thermodynamics 

Heat Reservoir 

Heat reservoir is the system having very large heat capacity i.e. it is a body capable of absorbing or 

rejecting infinite amount of energy without an  app e ia le ha ge i  its  te pe atu e. Heat ese oi s a  
be of two types depending upon nature of heat interaction i.e. heat rejection or heat absorption from it. 
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Heat reservoir which rejects heat from it is called source. While the heat reservoir which absorbs heat is 

called sink.  

 

 

 

 

Heat Engine 

Heat engine is a thermodynamic cycle in which there is a net heat transfer to the system and a net work 

transfer from the system. The system which executes a heat engine cycle is called a heat engine. 

The efficiency of a heat engine or a heat engine cycle is defined as  

      Efficiency = Net work output of the cycle/ Total heat input of the cycle 

                       η = W et / Qin 

 

 

Heat Pump and Refrigerator 

Heat pump refers to a device used for extracting heat from a low temperature surroundings and sending it 

to high temperature body, while operating in a cycle.  

 

(COP)HP = Q1 / (Q1 - Q2) 

 

Refrigerator is a device similar to heat pump but with reverse objective. It maintains a body at temperature 

lower than that of surroundings while operating in a cycle. 

 

(COP)REF = Q2 / (Q1 – Q2) 

 

Statements for II Law of Thermodynamics 

Clausiu’s statement  

Heat always flows from a body at a higher temperature to body at a lower temperature. The reverse 

process never occurs spontaneously. 

Kelvin-Planck statement  

It is i possi le to construct a device which, operating in a cycle, will produce no effect other than the 

t a sfe  of heat f o  a oole  to a hotte  od . 
Heat cannot flow itself from a body at a lower temperature to a body of higher temperature. Some work 

must be expended to achieve this. 

 

Enthalpy 

The enthalpy h of a substance is defined as  

h = u + p x v 

It is an intensive property of a system.  

Or 

Enthalpy is the amount of energy in a system capable of doing mechanical work. 

 

Entropy 

It is the degree of randomness or lack of pattern denoted by S. 

 

Steam Engineering 

 

Pure Substance 

A pure substance is defined as one that is homogeneous and invariable in chemical composition 

throughout its mass. The relative proportions of the chemical elements constituting the substance are also 

constant. 

Like air, and combustion product of a fuel. 
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Classification and working of boilers 

 

Working and Classification of Boiler 

The Steam Boiler or Steam Generator is a closed vessel in which water is heated, vaporized and converted 

into steam at a higher pressure than the atmospheric pressure. Indian Boiler Regulation (IBR) states that a 

vessel exceeding 22.75 lit in capacity, which is used for generating steam under pressure will be treated as 

Steam Boiler. 

In it water from a pump comes inside a water tank and then it passes through the tubes which are placed 

over the furnace and after receiving heat from the fire water change its phase from liquid to gas that is 

steam which is further passed to a device known as a super heater to increase the temperature of the 

steam generated in the boiler which is further used in various works like power generation or in pharmacy 

Industry.  

Vertical Water Tube Boiler 

 
A simple vertical boiler produces steam at a low pressure and in small quantities. It is, therefore used for 

low capacity plants. It also requires less space area. The boiler consists of a cylindrical shell surrounding a 

nearly cylindrical firebox. The firebox is slightly tapered towards the top to allow the ready passage of the 

steam to the surface. A grate is fitted at the bottom of the firebox. Inclined cross tubes are fitted in the 

firebox, the small inclination (5-15 deg.) is provided to increase the heating surface as well as to improve 

the natural circulation of water. An uptake tube passes from the top of the firebox to the chimney. A 

manhole is provided at the top of the shell for a man to enter in it for cleaning. The space between the 

boiler shell and firebox is filled with water to be heated. Normally it generates wet steam. Incorporating an 

anti-priming pipe we can increase dryness fraction. 

 

 

The Boilers can be classified as- 

 

According To Position of Boiler Shell: - 

Horizontal Boiler: - In the horizontal boiler, the axis of the boiler shell is horizontal. These are Locomotive, 
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Lancashire, Babcock and Wilcox Boilers etc. 

Vertical Boiler: - In vertical boiler, the axis of the boiler shell is vertical. These are Simple Vertical and 

Cochran Boilers. 

 

 

 

According To the Position of Furnace: -  

Internally Fired: - In these boilers the furnace is located inside the boiler shell 

Externally Fired: - In these boilers the furnace is located outside the boiler shell  

 

According To Water Circulation Arrangement: -  

Natural Circulation: - Water circulates in the boiler due to density difference of hot and cold water  

Forced Circulation: - A water pump forces the water along its path, therefore, the steam generation rate 

increases 

 

According To Number of Tubes: -  

Single Tube Boiler: - It consist a single tube generally filled with fire. 

Multi Tube Boiler: - It consists of more than one fire or water tubes.  

 

According To Use: -  

Stationary Boiler: - These boilers are mounted at fixed platform and do not move from one place to 

another. These boilers are used in power plants and industries. These are Cochran Boiler, Lancashire Boiler, 

and Babcock & Wilcox Boiler etc.  

Portable Boiler: - It is a small boiler and can be carried easily from one place to another. The Simple 

Vertical Boiler and locomotives are Portable Boilers. 

 

According To Steam Pressure:- 

Low Pressure Boiler: - The boilers, which produce steam from 07 bar to 30 bar. 

Medium Pressure Boiler: - The boilers with steam pressure30 bar to 75 bars are called Medium Pressure 

Boilers. 

High Pressure Boiler: - These are boilers, which generate steam at a pressure more than 75 bar. 

Super Critical Boiler: - The boilers with steam pressure more than 221 bars are called supercritical boilers. 

Benson Boiler is a Supercritical Boiler.  

 

Mountings and Accessories 

Mountings are required for the safe operation of the boiler. Different types of mountings used are as 

follows 

Safety Valve- 

 

Dead Weight Safety Valve 

It is very similar to the Dead Weight (whistle) loaded on a pressure cooker and functions in the similar way. 

The dead weights in the form of cylindrical disk are placed on the carrier is acting downward. This is the 

weight of cast iron carrier and valve itself. This weight W is calculated on the basis of working pressure and 

cross-sectioned area of the valve.  

 

Spring Loaded Safety Valve 

Dead weight safety valve cannot be used on locomotive and marine boilers. The jerk and the side 

movement may change the load on the valve and it can open the valve frequently under the working 

pressure. Therefore spring loaded safety valves are used on the moving boilers.  

 

High Steam and Low Water Safety Valve  

This valve is combination of two valves as shown in fig. It is used in Cornish and Lancashire Boilers. One of 
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the valves is lever loaded and is operated when steam pressure in boiler exceeds the working pressure. The 

second valve operates and blows off steam with a louder noise, when water level in the boiler fails below 

the normal level.  

 

 

Water Level Indicator 

It shows the level of water in the boiler. It consists of a metal tube and a strong glass tube with marking. 

From the safety point of view, more than one water level indicators are used. If the water level falls below 

danger mark (shown normally by red mark), the pressure inside the boiler may reach a dangerous limit. 

 

Fusible Plug 

It is safety device, which protects the fire tube boiler against overheating. It is located just above the 

furnace in the boiler. The fusible metal has a low melting point than the other parts. Normally it is covered 

by the water in the boiler. When the water level falls down, exposing the device direct to the steam, the 

furnace gases heat up the plug, fusible metal melts and plug falls down. The water and steam rush through 

the hole and extinguish the fire.  

 

Blow – off Cock 

The function of this device is to discharge mud and other rudiments deposited in the bottom most part of 

the water space in the boiler is in operation. It can also be used to drain-off boiler water 

 

Feed Check Valve 

This device is fitted slightly below the working level of water in the boiler. It is used to supply high pressure 

feed water to the boiler. It also prevents the returning of feed water from the boiler if feed pump fails to 

work. The feed pump supplies water to the boiler at a pressure higher than the pressure of steam in the 

boiler. 

 

Accessories  

These are used in boilers for improving the efficiency by minimizing the heat losses and recovery of heat 

loss. Accessories like super heater, economizer and air pre-heater are used in boilers. 

 

Super Heater 

The function of a super heater is to increase the temperature of steam above 100 0C by recovering the un-

used heat from the firing chamber. 

 

Economizer  

It is used to increase the temperature of water supplied to boiler to increase the rate of steam generation 

and evaporation. 

 

Air Pre-heater  

It is used to increase the temperature of supplied air to the combustion chamber for better combustion of 

fuel. 

 

Efficiency & Performance Analysis 

Efficiency of a Boiler can be calculated by  

          η = mw x (hs – hw) / mf x CV 
Where 

mw = mass of water 

mf  = mass of fuel 

CV = Calorific value of fuel 

hs = Enthalpy of steam 

hw = Enthalpy of water 
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And Performance of any boiler is calculated by finding the following 

Rate of Evaporation 

It is steam generation rate of boilers.  

 

Equivalent evaporation 

It is equivalent of evaporation of 1 kg of water at 100 0C to dry and saturated steam at 100 0C at 1 atm 

pressure. 

 

Factor of Evaporation 

It is the ratio of heat absorbed by 1 kg of feed water under working conditions to latent heat of steam at 

atmospheric pressure. 

 

Natural & artificial draught 

Draught refers to the pressure difference created for the flow of gases inside the boiler. A chimney or stack 

is generally used for carrying these combustion products from inside of boiler to outside, i.e. draught is 

created by use of chimney. 

Draught may be created naturally or artificially by using some external device.  

In Natural draught the pressure difference is created naturally without using any device. 

Artificial draught is created using some external assistance causing forced displacement of gases. It can be 

created either by using mechanical devices or steam.  

 

Steam properties 

 

(a) Sensible heat: Heat supplied to a substance when used to increase the temperature without changing 

its phase is known as sensible heating. 

(b) Latent heating: The heat supplied to convert 1 kg of ice at 0 0C into water at 0 0C is called the latent 

heat of fusion. 

(c)Boiling point: It is the temperature at which vapour pressure equals to atmospheric pressure and phase 

change from liquid to gas begins. 

(d) Melting point: It is the temperature at which phase change from solid to liquid takes place upon 

supplying heat. 

 (e) Saturation state: It is the state where a substance is ready to change its state when heat is supplied or 

absorbed. 

(f) Saturation pressure: It is the pressure at which substance changes its phase for any given temperature. 

(g) Saturation temperature: It refers to the temperature at which substance changes its phase for any 

given pressure. 

(h) Triple point: Where all three phases of a substance (solid, gas, and liquid) co-exists in equilibrium 

known as triple point. For water it is at 0.01 0C temperature and 611 N/m2 pressure. 
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We hope you find these notes useful. 

You can get previous year question papers at 
https://qp.rgpvnotes.in . 

 
 

If you have any queries or you want to submit your 
study notes please write us at 

rgpvnotes.in@gmail.com 
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