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Figure 1. 

Let’s look at a mixture of liquid water and steam which is used in a lot of applications. 

Whatever we study for the mixture of water and steam will also be applicable for mixtures of 

other liquids and their vapour. 

Consider a closed container as shown in Fig .1 which contains a mixture of liquid and vapour 

at equilibrium (half of the container is invisible because of some display issue). The mass of 

the vapour is mvap and the mass of the liquid is mliq. The mass of the mixture is      

         . Our system is made of this liquid and vapour. For such a system, dryness 

fraction or quality x is defined as   
    

         
 
    

    
 = fraction of the mixture that is in 

vapour phase. We had used the alphabet x to represent mole fraction when we studied ideal 

gases. Be careful! 
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Figure 2. 

In general, we use the alphabet f to represent liquid (fluid) and g to represent gas (these 

notations are used in all the books). Now, the mass of the mixture m =       and the 

quality   
  

 
. The volume of the mixture        . Hence,              

(    )       , where v represents specific volume of the mixture. Dividing by m 

throughout,   (  
  

 
)    

    

 
. Hence,   (   )           (     )  

       , where       is    . When we have a mixture of a liquid and vapour in 

equilibrium, the liquid and vapour are called as saturated liquid and saturated vapour/dry 

saturated vapour, respectively. All the properties with subscripts f and g are properties of 

saturated liquid and saturated vapour, which are the states on a T-v diagram where an isobar 

(with pressure less than critical pressure) cuts the liquid-vapor dome. The intersection of such 

an isobar and the saturated liquid line represents the state where we have saturated liquid and 

the quality x=0 here. The intersection of that isobar with the saturated vapour line represents 

the state where we have saturated vapour/dry saturated vapour and the quality x=1 here. The 

quality/dryness fraction is associated with only the two-phase region and those two states 

where we have only liquid (x=0) and only vapour (x=1) at saturated conditions. It is not 

associated with the subcooled region or the superheated region. 
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Let’s look at steam tables (these are for water). We can obtain properties of liquid water, 

steam and a mixture of water and steam from such tables. Similarly, we can have tables for 

other liquids such as refrigerants or for gases such as nitrogen, oxygen, argon, etc. 
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Figure 3. 

Figure 3 shows a snippet of steam tables for saturated water listed by temperature. For 

saturated water (only water, no vapour),    . For saturated vapour (only vapour, no water), 

x=1. For a mixture of saturated water and saturated vapour,      .  
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Figure 4. 

 



 

Figure 4 shows a snippet of steam tables for saturated water listed by pressure. 

In the pressure table, the first column lists pressure (unit is megapascal). Other columns list 

properties such as temperature, specific volume, specific internal energy, specific enthalpy, 

and specific entropy. Temperature is in  . vf represents specific volume of saturated water, 

while vg represents specific volume of saturated vapour (unit – m
3
/kg). uf represents specific 

internal energy of saturated water, while ug represents specific internal energy of saturated 

vapour (unit – kJ/kg). hf represents specific enthaply of saturated water, while hg represents 

specific enthalpy of saturated vapour (unit – kJ/kg), and hfg = hg-hf = latent heat of 

vaporization. Similarly, sf represents specific entropy of saturated water, while sg represents 

specific entropy of saturated vapour (unit – m
3
/kg) and sfg = sg - sf (we will look at the 

concept of entropy when we look at the second law of thermodynamics). Let’s read a row 

shown in the table shown in Fig.4. 

For a pressure of 0.1 MPa, the saturation temperature is 99.6  . The specific volume of the 

saturated liquid (x=0) is 0.001043 m
3
/kg and the specific volume of saturated vapour (x=1) is 

1.694 m
3
/kg. Similarly, uf = 417.4 kJ/kg and ug = 2505 kJ/kg, hf = 417 kJ/kg, hg = 2674.9 

kJ/kg and hfg = 2257.4 kJ/kg. Similarly, we can find property values at other pressures. For 

example, at 0.2 MPa, the saturation temperature is 120.2  . The specific volume of the 

saturated liquid (x=0) is 0.001061 m
3
/kg and the specific volume of saturated vapour (x=1) is 

0.8857 m
3
/kg. Similarly, uf = 504.5 kJ/kg and ug = 2529.1 kJ/kg, hf = 504.7 kJ/kg, hg = 2706.5 

kJ/kg and hfg = 2201.5 kJ/kg. The latent heat of vaporization has reduced at higher pressure. 

The last value in the pressure column is that of critical pressure;     22.064 MPa and 



  =373.95  . At the critical point, the specific volume of the liquid and the specific volume 

of the gas are the same. Similarly, the specific internal energy and specific enthalpy of the 

liquid and the vapor are the same. 
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Figure 5. 

 

Figure 5 shows the snippet of the steam tables listed by temperature. Here, the first column is 

of temperature. The properties can be read in a similar way we discussed in the case of the 

tables listed by pressure. The choice of the tables listed by pressure or temperature depends 

on convenience. If the properties at temperature and pressure we are looking for are not 

listed, then we can use linear interpolation to find properties at the required temperature and 

pressure. The last entry in the tables listed by temperature is the critical point. 

Using these tables, we can find properties of liquid water and vapour at saturation, and using 

these properties we can also find properties of a mixture of liquid water and vapour.  
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Figure 6. 

 

There are tables to find properties of superheated vapour. Figure 6 shows tables for 

superheated steam. Let’s look at the table in the top left corner of Fig .6. The first row reads 

the pressure and the corresponding saturation temperature; p=0.01 MPa and T = 45.8  . This 

table is for a pressure of 0.01 MPa and temperatures larger than the saturation temperature 

corresponding to p=0.01 MPa which is 45.8  . At T  > 45.8  , we will have only the 

superheated vapour. Hence, we can’t see properties of liquid in this table. The table mentions 

the volume, internal energy, enthalpy and entropy of vapour only. So, this table is for p=0.01 

MPa and T > 45.8   (T=45.8   is the saturation temperature for p=0.01 MPa). Similarly, we 



have tables for different pressures and the properties are mentioned only for temperatures 

greater than the corresponding saturation temperatures. 
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