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UNIT – 1    FORMATION OF STEAM 
 
 
 
 

Introduction :   Steam   is a vapour of water. When water is heated beyond   its 

boiling point ,   liquid phase of water is converted in to gaseous phase to form 

vapour  of  water known  as steam.The steam is invisible when pure and dry. It  is 

used as a working substance in the operation of steam engines and steam turbines. 

 
 
 

 

Formation of steam under constant pressure : Consider 1 kg of water at 0
0
c in a 

cylinder with piston and weights as shown in fig (a). 

 

 
 

 

The piston and weights maintain a constant pressure in the cylinder. 
 

 

 When  water is heated , the volume of water increases with increase in 

temperature as shown in fig (b). 

 On further heating , temperature of water reaches boiling point . The boiling 

point of water is 100
0
c at normal atm pressure of 1.013 bar , but it increases 

with increase in pressure. When the boiling point is reached  the temperature
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remains constant and the water evaporates , thus   pushing the piston upward   at 

constant  pressure , there by increasing the specific volume of steam as shown in 

fig (c). At this stage , the steam will have some water particles in suspension , such 

steam is known as wet steam. This process will continue till the entire water is 

converted in to wet steam. 

 

 On further heating , all the water particles are converted in to steam . This 

steam is known as dry steam or saturated steam as shown in fig (d). The dry 

steam behaves like a perfect gas. 

 On further heating , the dry steam is converted in to super heated steam with 

increase in temperature as shown in fig (e). 
 

 
 
 

T-H  Diagram during steam formation. ( Temperature – Enthalpy diagram ). 
 

 

 
 

 

Generally the steam exists in three forms : 
 

 

i) Wet steam  ii) Dry steam iii) Superheated steam . 
 

 

The temperature – Enthalpy ( T-H ) diagram is as shown  in fig.The line 0-1 shows 

the heating of water at 0
0
c to the boiling temperature or saturation temperature.
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The line 1-2 shows the evaporation  of water till the dry steam is obtained.The line 
 

2-3 shows the formation of superheated steam. When water is heated up to boiling 

temperature shown by a line 1-2, the heat absorbed by the water is known as 

Sensible heat or Total heat of water. 

 

Wet steam : When the steam contains particles of water in suspension is known as 

wet steam , i.e., evaporation of water is not complete. The steam at any point on 

the 1-2 in fig is the wet steam . 

 

Dry Saturated Steam : When the wet steam is further heated , and it does not 

contain any water particles then , it is known as dry saturated steam. This steam 

absorb all the latent heat of evaporation .The steam at point ” 2”is the dry saturated 

steam. 

 

Superheated Steam : When the dry steam is further heated at a constant pressure , 

which   increases   the temperature   of the steam , it is known   as   superheated 

steam.The steam at any point on the curve 2-3 is the superheated steam . 

 
 
 

 
Advantages of Superheated Steam : 

 

 

 The capacity to do work is more since superheated steam contains more 

heat. 

   Super heating is done by waste furnace gases. 
 

 The high temperature of superheated steam increases the thermal efficiency 

of the boiler. 

 Because of superheat , heat losses due to condensation of steam on engine 

cylinder walls can be avoided to the greater extent.
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Saturated steam or Dry saturated steam : The saturated steam results when 

water is heated to the boiling point(sensible heating)and then vaporized with 

additional heat (latent heating). 

 

Saturation temperature : The temperature at which water starts boiling , when 

the water is heated is known as saturation temperature. 

 

Saturation pressure : The pressure at which a liquid boils in to its vapour phase is 

known as saturation pressure. 

 

Critical pressure and Critical temperature : When the pressure and saturation 

temperature increases , the latent heat of vaporization decreases and it becomes 

zero at   some point say N where liquid and dry steam line meet. This point is 

known as critical point.At this point the liquid and vapour phases  merge and 

become identical in every respect. 

 

The  temperature  corresponding  to  critical  point  (N)  is  known  as     critical 

temperature and the  pressure corresponding to this critical point (N) is known as 

critical pressure, for the steam the critical pressure is 221.2 bar and critical 

temperature is 374.15
0
c. 

 

Properties of Steam : 
 

 

The following are the important properties of steam : 
 

 

1.  Sensible heat or   Heat of liquid or Total heat of water (hf): It is the 

amount of heat  absorbed  by the 1 kg of water , when heated  at a constant 

pressure , from 0
0
c 

 

( freezing point) to the temperature of formation of steam i.e., saturation 

temperature (tsat).
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The specific heat of water = 4.2 kj/kg K. 
 

 

Therefore , the sensible heat absorbed by 1 kg of water : 
 

 

= Mass x sp ecific heat x Rise in temperature 
 

 

=1 x 4.2  (tsat+273) – ( 0 + 273) 
 

 

= 4.2  tsat kj/kg K. 
 
 
 
 
 

2.  Latent  heat  of Vapourisation  (hfg): It  is  the  amount  of  heat  absorbed  to

evaporate  1  kg  of  water 

temperature. 

 

at  its  saturation  temperature  without  change  in

 

The value of latent heat depends on the pressure.The latent heat of steam is 2257 

kj/kg at atmospheric pressure. The value of latent heat decreases with increase in 

pressure and becomes zero at critical pressure. 
 

 

3. Dryness fraction or Quality of steam (x) : Dryness fraction is the ratio of mass 

of the actual dry steam to  the mass of same quantity of wet steam and it is denoted 

by „x‟. 

 

 
 

 

Where , mg= mass of actual dry steam. 
 

 

mf = mass of water in suspension. 
 

 

m = mass of wet steam in suspension = mf + mg .
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For dry steam  value of dryness fraction is one  i.e., mass of water suspension (mf) 
 

is zero. 
 

 

If the steam is wet with dryness fraction  x , then the heat absorbed by it during 

evaporation is x. hfg . 

 

4. Degree of superheat :   It is the difference between the temperature of 

superheated steam and saturation temperature at a given pressure . Therefore , 

 

Degree of superheat = t sup- tsat 
 

 

5. Enthalpy of water : Enthalpy ( total heat ) of water in KJ may be defined as the 

quantity of heat required to rise the temperature of one kg of water from 0
0
c to its 

boiling point or saturation temperature corresponding to the pressure applied. 

 

The total heat of water is also known as liquid heat is represented by hf .It can be 

calculated by multiplying the specific heat of water by the rise in temperature in 
0
c. 

 

6.Enthalpy  of  steam  or  Total  heat  of  steam (hg):  It  is  the  amount  of  heat 

absorbed  by water from freezing  point to the saturation temperature plus the heat 

absorbed during evaporation , therefore , 

 

Enthalpy (hg) =sensible heat + latent heat 

hg= hf + hfg kj/kg 

The value of hg can be read from the steam tables. 
 

 

i)       Enthalpy of wet steam : It is the amount of heat supplied at constant 

pressure to convert 1 kg of water at 0 
0
c to 1 kg of wet steam at the 

specified dryness fraction. 

Enthalpy , h = hf + x .hfg      kj/kg , where x= dryness fraction.
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ii)      Enthalpy of dry steam : It is the  amount of heat supplied at constant 

pressure to convert 1 kg of water in to 1 kg of dry saturated steam at its 

saturation temperature. 

Enthalpy, h = hf + hfg 

 
 
 

iii)     Enthalpy of superheated steam ( h sup ): 
 

hsup = hf + hfg+ cp (tsup-tsat) 
 

= hg + cp (tsup-tsat) 
 

Where cp  = Mean specific heat at constant pressure for super heated 

steam i.e cp= 1.6 to 2.5 kj/kg K 

tsup= Temperature of the superheated steam. 

tsat=Saturation temperature at given constant pressure. 

 
 

 
7. Specific volume of steam (v): It is the volume occupied by the steam per unit 

mass at a given temperature and pressure . It is represented by  v  and expressed in 

m
3
/ kg.It is the reciprocal of density of the steam in kg/ m

3 
. 

 

i) Wet steam : Consider 1 kg of wet steam of dryness fraction x, then , 

specific volume of wet steam = x. vg   m
3
/ kg . 

ii) Dry steam : In this case , x=1 
 

 

Specific volume of dry steam , v= vg   m
3
/ kg . 

 

 

iii)     Superheated steam : When dry steam is heated at constant pressure 

volume and temperature of steam increases . The superheated steam 

behaves like a perfect gas, therefore
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8. External work done during Evaporation (w): 
 

 

For wet steam , W= 100 . P. x. vg    ----  kj. 

For dry steam , W= 100 . P. vg               ----kj 

For superheated steam,  W= 100. P. vsup ---- kj 
 
 
 
 
 

9. Internal energy of steam (U): It can be defined as  the actual heat energy stored 

in the steam, above the freezing point of water. Or it is the difference between 

enthalpy and the external work done during evaporation . 

 

Internal energy (U) = Enthalpy – External work done during evaporation. 
 
 
 
 

 

i)       For wet steam, U= h - 100.P.x. vg    --- kj/kg 

ii)      For dry steam,  U= hg-100.P. vg    --- kj/kg 

iii)     For superheated steam , U = hsup-100.P. vsup    --- kj/kg 
 

= ( hg + cp (tsup-tsat) -  100.P. vsup    --- kj/kg
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ENTROPY OF STEAM (S) : 
 

 

It is an important property of steam and entropy of a steam increases with the 

addition of heat and decreases with the removal of heat . Entropy consists of 

 

  Increase in entropy of water while heating from 0 
0
c to boiling point at a 

given pressure. 

   Increase in entropy during evaporation. 
 

   Increase in entropy while superheating. 
 
 

 

Entropy of wet steam :   S= Sf + x. Sfg    ---- kj/kg K. 
 
 
 

Entropy of dry saturated steam :  S= Sf   +  Sfg ----- kj/kg K. 
 
 
 

Entropy of superheated steam : 
 

 
 

In  kj / kg K. 
 
 
 

 

Steam tables and their uses: The properties of dry saturated steam like 

its temperature of formation, sensible heat , latent heat of vapourisation , enthalpy 

or total heat , specific volume , entropy, etc.are found experiementally and their 

values are determined and are made available in a tabular form known as steam 

tables.
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There are two important steam tables , one is in terms of absolute pressure and 

other in terms of temperature as shown in table .The calculations for wet steam can 

also be easily made by making use of these tables. 

 

Steam table interms of absolute pressure . 
 

 

 
 

 

Steam table in terms of Temperature basis. 
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Temperature – Entropy (T-S) Diagram for water and steam : 
 

 

The temperature – Entropy diagram represents the heat absorbed or rejected during 

the   adiabatic   expansion   and   compression   of   steam   as   shown   in   fig. 

 
 

 

Consider 1 kg of water heated at a constant pressure  P , when heat  is added to 

water its entropy increases . If we plot the graph of temperature against entropy , 

we find that the entropy increases up to boiling temperature (Tsat). It is shown by a 

line AB with corresponding increase in entropy (Sf) by a line Ab. On further 

heating, water starts evaporation and absorb heat at constant temperature (Tsat).The 

entropy goes on increasing till  all the latent heat is absorbed to evaporate 1 kg of 

water. The increase in entropy (Sfg) is represented by a line bc. 

 

In fig the line A-B-B1-B2--- B3 etc is called water line, and the line C-C1-C2-C2  etc 

is called the dry steam line .The point  “N” where the water line and dry steam line 

meets is called critical point, and it represents  374.15
0
c. The line BC represents 

the increase in entropy at constant temperature with increase in dryness fraction of 

the steam from x=0 to x= 1 at C as shown in fig.
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Mollier – chart or Entropy (h-s) diagram : Mollier chart is a graphical representation of 

the steam table  in which the enthalpy (h) is plotted along the ordinate and the entropy (s) 

along abscissa. In this case enthalpy and entropy of water and dry saturated steam , for any 

particular pressure are obtained from steam tables and these values are plotted in enthalpy 

and entropy graph and then liquid line and dry saturated line is obtained. Both these lines 

meet at point “C” called critical point and this corresponds to the enthalpy of liquid and dry 

saturated steam at 221.2 bar. 

 

The Mollier chart consists of following lines : 
 

 

   Dryness fraction lines. 
 

   Constant volume lines. 
 

   Constant pressure lines. 
 

   Isothermal lines. 
 

   Isentropic lines. 
 

   Throttling lines. 
 
 

.  
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Vapour power cycles :  

The vapour power cycles are similar to the thermodynamic cycles except the working substance 

, which is steam in this case.   The steam may be in any form,  i.e.  wet ,  

dry saturated or superheated . The heat energy of the steam is converted in to mechanical work 

by using an engine, which may operate with the following cycles : 

1) Carnot cycle. 

2) Rankine cycle. 

3) Modified Rankine cycle. 

 

Sketch and Explain Carnot Cycle: 

A simple line diagram of a carnot engine as shown in fig, with P-V ,and  

T-S diagrams of carnot cycle shown in fig. 

The cycle consists of four processes , two isothermal process and two reversible 

adiabatic process. 

Consider  1 kg of saturated water at pressure  P1 and temperature  T1 at point „1‟ as 

shown in fig. 

 

Isothermal Expansion (1-2): Heat is supplied at constant pressure P1and 

temperature T1 and water is convertwd in to steam in a boiler.Point „2‟ is a dry 

saturated state of steam. 

                                   Heat supplied = (S2-S1) T2 
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                                                           Carnot Cycle. 
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Isothermal Expansion (2-3) : The dry  steam expands adiabatically from 

temperature T2 to T3 and pressure P2 to P3 . No heat is supplied or rejected during 

this process. Therefore , there is no change in entropy. 

 

Isothermal Compression (3-4) : The wet steam is compressed isothermally and 

heat is rejected at constant temperature T3 and pressure P4 i.e. T3=T4 and P3=P4 

Therefore ,    

                                    Heat rejected = (S2-S1) T4 

 

Adiabatic Compression (4-1): The wet steam is compressed adiabatically from 

temperature T4 to T1 and pressure P4 to P1. No work is done and entropy remains 

constant. 

            Work done during the cycle =  (Heat supplied – Heat rejected) 

   

                                                             =  (S2-S1) T1 - (S2-S1) T3 

                                                             = (S2 - S1) (T1 – T3)               

                 Efficiency of Carnot Cycle  =  
         

             
 

                                                             = 
                   

           
 

                                                               =  
       

  
 

           Where T1= Higher temperature at boiler pressure, P1 = P2 

                       T2 = Lower temperature at condenser pressure , P3 = P4 . 
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Rankine Cycle : 

Explain with sketch Rankine Cycle . 

 

                                      

     Line diagram of a steam engine  

 

                                                

Rakine cycle is a modified form of  Carnot cycle , in which the condensation process (3-4) is 

carried until the steam is condensed in to  water as shown in fig. The Rankine cycle is 

represented on P-V and T–S diagram . Consider 1 kg of saturated water at temperature T1 and 

pressure P1 . The  Cycle consists of four processes : 

Isothermal Process (1-2)  :   The saturated water at point „1‟ is converted in to dry saturated                                                    
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Steam isothermally in a boiler at a constant temperature T1 and pressure P1  i.e.  T1 = T2 and   

P1=P2. 

             Heat absorbed , Q1- 2=  hfg1  =  hfg2 

 

Isentropic Expansion (2-3): The dry saturated steam at point „2‟  is now expands isentropically 

from temperature  T2 to T3 and pressure P2 to P3 with a dryness fraction x3. No heat is supplied 

or  rejected and entropy remains constant. 

 

Isothermal Compression Process (3-4)  :   The wet steam at point „3‟ is now compressed 

isothermally and the steam is condensed in to water completely in a condenser and heat is 

rejected at a constant temperature T3 and pressure P3  i.e. T3=T4 and P3=P4. 

                                 Heat rejected, Q3-4= x3 hfg3 

 

Process  4-1: The water at point „4‟ is now warmed in a boiler at constant volume from 

temperature T4 to T1 and pressure increases from P4 to P1.The heat absorbed by water is equal to 

the sensible heat at P1at point „1‟ minus sensible heat at point „4‟. 

 

                        Rankine efficiency , ɳR= 
         

             
  

                                                                = 
     

       
 

------------------------------------------------------------------------------------------------------------------ 

 

Steam calorimeters : The steam calorimeter is an experiemental apparatus used for 

experiemental determination of Dryness fraction of wet steam.There are four calorimeters are 

available .  
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These are :  

1. Barrel Calorimeter 

2. Seperating Calorimeter 

3. Throttling Calorimeter 

4. Combined Seperating and Throttling Calorimeter. 

 

Explain Barrel type steam Calorimeter with a neat sketch. 

 

                                                            Barrel Calorimeter  
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A simple Barrel Calorimeter as is  shown fig. It consists of a copper calorimeter placed on a 

wooden blocks and provided with a wooden cover. It contains a known quantity  of cold water 

and is surrounded by an outer vessel with an insulation. A thermometer is inserted through one 

of the holes in the wooden cover and a steam supply pipe is also inserted in to the calorimeter 

with control valve and steam nozzles as shown in fig. The whole assembly is placed over a 

platform of a weighing bridge. 

                           In this calorimeter , the known mass of a steam sample and of known pressure 

is condensed by mixing it with a known mass of cold water. 

  The steam from the main steam pipe enters in to the calorimeter and flows in to the 

cold water through the steam nozzles in the condenser in to the water , thereby increasing the 

mass and temperature of the water in the calorimeter.The heat supplied by the condensing steam 

is determined with the help of the initial and final temperatures of the water and calorimeter. 

 

                 Heat lost by the steam = Heat generated by water and calorimeter. 

                    ms (x hfg) +  ms Cw (t2-t1)  =  (mwCw+ mcCc)  (t2-t1) 

  From this equation we get yhe dryness fraction of the wet steam. 

 

Limitations : 

1.This method is not accurate. 

2 Losses are more at higher temperature difference. 

 

Separating Calorimeter : 

Explain Separating type steam Calorimeter with a neat sketch. 

A simple separating calorimeter as shown in fig . This calorimeter is used to determine the 

dryness fraction of the steam by mechanically separating the water particles from the wet steam. 



Subject  : Applied Thermal Engg . ( 15 ME 52 T ) Fifth Sem  Diploma In Mechanical Engg. 
G.R.Viswanath. Lecturer Selection Grade. 
G.R.Viswanath. Lecturer Selection Grade. 

 

 Mechanical Engg. Dept.     Bapuji Polytechnic , Shabanur , Davangere. Page 20 
 

 

 

 

                                                              Separating Calorimeter. 

The wet steam from the steam main passes through the control valve and the steam strikes the 

perforated tray and thereby undergoes a quick reversal of directions of motion due to more  
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density of water particles.The separated water moves down and mixes with the known mass of 

water in the barrel provided at the bottom of the calorimeter. The mass of water particles is thus 

noted as „mw‟. The separated dry steam is made to flow through the outer chamber and its mass 

is determined by mixing it with the known mass of cold water.The mass of dry steam is noted 

as „ms‟. The dryness fraction of the steam is now found by using the equation.,  

 

                                                      x =  
  

     
 

Limitations : It gives approximate values of „x „ as total separation of water particals from the 

steam is not possible by mechanical means. 

Throttling Calorimeter : 

Explain Throttling  type steam Calorimeter with a neat sketch. 

 

 

                 

                                                   Throttling Calorimeter 
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The enthalpy of steam remains constant during throttling process is made use in the calorimeter 

as shown in fig. It consists of a separator „A‟ in to which the steam is admitted through a conrol 

valve from the steam main pipe.The pressure and temperature are measured by the pressure 

gauge and thermometer (T1) provided in this section as shown in fig. The temperature recorded 

by T1 is same as saturation temperature corresponds to the pressure of steam in calorimeter B. 

This steam is then throttled  through a throttle valve and during this process enthalpy of steam 

remain constant. The steam is in the super heated state after throttling at a lower pressure than 

previous. The temperature and pressure of the steam leaving the calorimeter „B‟ is noted by the 

thermometer T2 and manometer respectively. 

 

For  throttling process : 

                                       Total heat before throttling = Total heat after throttling. 

 

                                        hf1 + x hfg1 =  hg2 + Cp( tsup – t sat) 

 

                    Dryness fraction , x = 
                         

    
 

Limitations : Steam must become superheated after throttling i.e., it is not useful for the steam 

containing more amount of water particles. 

 

Combined Separating and Throttling Calorimeter : 

 

Explain Combined Separating and Throttling type steam Calorimeter with a neat sketch. 

 

A combined separating and throttling calorimeter is as shown in fig. In this calorimeter  , the 

wet steam to be tested is first collected in a perforated collecting pipe and then passed through a  
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separating calorimeter. A part of the water is removed by the separating calorimeter and there is 

a quick change of direction of flow by a semi dry steam and flows to the throttling calorimeter, 

where it is throttled . 

This method ensures that the steam will be superheated after throttling. This instrument is well 

insulated to prevent any loss of heat. 

                                 

                                  Combined Separating and Throttling Calorimeter. 

      

       Let                            x1= Dryness fraction of steam from separating calorimeter 

                     x2 = Dryness fraction of steam from throttling calorimeter  

      where                x1= 
 

   
 

     and                    x2 = 
                       

    
  

     Actual dryness fraction   x = x1  . x2 

 


