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Properties of Steam 

 
Specific Heat of water is the amount of heat that must be supplied to water to 
raise the temperature of unit mass of water through one degree. Specific heat of 

water is considered as 1 kcal/ kg 0C or 4.187 kJ / kg K, i.e. heat required for 
raising the temperature of 1 kg of water through 10C is 1 kcal.  
 
Enthalpy is a purely relative quantity, which is measured relatively from convenient 
datum condition. For steam, datum point is arbitrarily fixed as the condition of the 
water at 00C. Thus, the enthalpy of water at 00C is measured to be zero. The 

amount of heat absorbed by one kilogram of water being heated from the freezing 
point (00C) to the boiling point is known as the Enthalpy of the Saturated Water 
(sensible heat of water). 

It is called sensible heat as heat addition results in increase of temperature of water 
till it reaches the saturation and temperature and you can sense the increase in heat 
content. The temperature increases on the basis of the specific heat of water and 

the heat content of water at any temperature can be calculated with the formula;  
H = mCp∆t 
[H is heat added in kcal, m is mass of water in kg, Cp is the specific heat of water (1 

kcal/ kg 0C) and ∆t is the temperature increase. Heat energy in water at 00C is 
measured to be zero, therefore ∆T = t] 
 
The saturation temperature or the boiling point of water is 1000C under atmospheric 
pressure. It can start boiling at higher or lower temperature depending on the 
pressure. In a pressurized boiler, the temperature of water is always more than 

1000C as the saturation temperature is higher due to high pressure. This 
temperature can go as high as 374.140C at pressure 225.4 kg/cm2 abs. or 220.9 bar 
abs, which is known as critical pressure. Again in a condenser, which operates under 

vacuum, condensing steam can be as cold as 30 to 35oC. 
 
Effect of Pressure: 

The atoms and molecules of any matter are in a constant state of random vibrations 
and the vibrations’ amplitude increases with increase in temperature of the matter. 
Depending on temperature, the inter-atomic distance varies. When the inter-atomic 

distance is such that force of attraction between two atoms equals force of repulsion, 
a threshold state is reached when state of matter changes from Solid to Liquid. The 

matter no longer exhibits the property of elasticity and does not resist a change in 
its shape. 

At a further higher temperature the atoms and molecules reach a state of vibration 
when no cohesive forces exist between its atoms or molecules. At such a 
temperature the matter changes its state from Liquid to Vapour. This temperature 

is known as saturation temperature. When there is an external pressure in 
addition to the cohesive force between the atoms, it requires even more energy and 
therefore higher temperature to reach this threshold condition, when the atoms are 

ready to move away from each other. Therefore, higher the pressure, higher would 
be the saturation temperature 
When change of phase takes place between water to steam, the temperature 
remains constant at saturation temperature. Even if a single drop remains in water 
phase, whatever heat is being added, it would be used in changing phase. The heat 
added during this period can not be sensed and hence it is known as Latent heat of 

evaporation.   
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The above diagram is known as temperature enthalpy diagram where the increase in 

temperature is plotted on the Y axis with addition of heat in the X axis at different 
pressure conditions. For example, ABCD is the temperature profile for a particular 
pressure, AEFG is temperature profile for higher pressure and AHIJ is for even 

higher pressure. Joining these points, we get a curve like above. 
If we take the first plotting, while heat is being added to water from point A, the 

temperature increases following the relation H = mCp∆T, until it reaches the boiling 
point at B. Enthalpy gained hf is known as sensible heat as we can sense the 
temperature rise. At point B, the water is called saturated water. The temperature at 

point B is known as Saturation temperature.  When further heat is added, 
enthalpy increases and phase transformation starts, but the temperature remains 
constant at saturation temperature. Therefore the temperature/enthalpy line 

becomes parallel to X axis and remain so until all water molecules become steam 
molecules at point C. Enthalpy gained hfg is known as latent heat of evaporation. 
The steam at point C is known as dry saturated steam after it receives complete 
sensible heat hf and complete latent heat hfg. If further heat is added at this point, 
the temperature again starts rising and we get a plot CD. The steam at this 
condition is known as superheated steam. It is important to note that water starts 

becoming steam only after it receives the complete sensible heat and becomes dry 
saturated steam only after receiving the complete latent heat. If it receives less 
latent heat, then part of the water would convert into steam, but part will remain as 

water. At this condition, it is known as wet steam.  
  
From the temperature-enthalpy diagram in the previous note, it is evident that the 

latent heat of evaporation BC decreases as we go up the curve (as the pressure goes 
high). Higher the pressure, lower the latent heat of evaporation. If we note the 
specific volume of steam at different pressure from a steam table, we will find that 

as pressure goes up, the difference in density between water and steam decreases. 
At atmospheric pressure of 1.032 kg/ cm2, it expands 1603 times, whereas at critical 
pressure of 225.65 kg/ cm2, the density of water and steam becomes equal, and 
hence no expansion. Since the addition of latent heat does not result in increase in 
temperature, we can consider that this energy is being used to expand the volume. 
Now, the work done due to expansion against pressure (PV), will be more at 

atmospheric pressure and (when the expansion is more), but will become zero (∆V 
= 0) at critical pressure (when there is no expansion). Therefore steam will have 
zero latent heat of evaporation at critical pressure. 
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Again if we refer the temperature-enthalpy curve, it is evident that the latent heat is 
the largest part of heat towards the base of the curve (corresponding to lower 
pressure). As the pressure increase and we go up the curve, the sensible heat 

increases and the latent heat decreases. If we refer a standard steam table, we will 
see that up to the absolute pressure of 91 kg/ cm2, the latent heat is more than 
sensible heat, but when the absolute pressure increases beyond 92 kg/ cm2, the 

sensible heat becomes more than latent heat. Whereas, unless the steam is 
superheated to a very high temperature, the quantity of superheat is always less 
than sensible of latent heat. Therefore for low and medium pressure superheated 

steam, the latent heat is the largest. 
 
The latent heat is received by the steam after it reaches the saturation temperature 
and start boiling. In the deaerator and the economizer, the water temperature is 
always less than the saturation temperature of its corresponding pressure. The 
Approach point (difference between saturation temperature and the economizer 

outlet temperature) is never kept near zero, otherwise it would lead to steaming in 
Economizer. When the water enters the evaporator, it still requires a little amount of 
sensible heat to reach saturation temperature and start boiling. At this point of time, 

the latent heat is received and when the steam leaves the evaporator and goes to 
super heater, it is ensured that the steam becomes completely dry and saturated. 
Therefore the total latent heat of the steam is received in the evaporator. 

 
Steam Volume: If we refer the steam table, specific volume of saturated liquid at 

atmospheric pressure (1.013 bar absolute pressure), it is 0.001044 m3/ kg, where 
as the specific volume of steam is 1.673 m3/ kg, therefore it expands 1602.5 times. 
 
As the pressure increases, the density difference between water and steam 
decreases. At critical pressure and temperature the difference becomes zero. The 
latent heat becomes zero. Since the natural circulation is created through thermo-

siphon action of water due to the density difference of steam and water, at critical 
pressure there is no natural circulation. Again, since latent heat is not needed, the 
water doesn’t need to be circulated in an evaporator, where the latent heat is 
received in a steam generator. Therefore it requires a forced once through 
circulation.  
 

Dryness Fraction of Wet steam: The dryness fraction is the ratio of quantity of 
dry steam to the total quantity of dry steam and water in suspension. If ‘x’ is the 
quantity of dry steam in a wet steam and ‘y’ is the quantity of water in suspension in 

that steam, then the dryness fraction = x / (x + y) 
Once the complete sensible heat is received by the water and it attains saturation 
temperature, any addition of heat results into phase transformation. The quantity of 
water converting into steam depends on the amount of heat received at this point. 
For any pressure, from the steam table, the corresponding specific enthalpy of 
evaporation is the amount of heat which is required converting 1 kg of water into 1 

kg of steam at that pressure. If it gets a fraction of that heat, corresponding fraction 
of conversion takes place. For example, if it receives 50% of the specific enthalpy of 
evaporation, only 50%, i.e. 0.5 kg of water will convert into steam and remaining 

would be water. Therefore the dryness fraction of wet steam is equal to the fraction 
of enthalpy of evaporation received by the steam after reaching saturation 
temperature. 
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Super heated steam: 
When steam is heated further after it reaches dry saturated condition, the 

temperature again starts increasing. At this stage (CD), it is called superheated 
steam. In industrial steam generator, it is done by heating the steam coming out of 
the steam drum further in a ‘superheater’, where the temperature of the steam is 

raised beyond its saturation temperature. If the steam coming out of the drum 
remains wet, then the temperature will not rise until the complete steam becomes 
dry saturated. The temperature rise will again follow the relation H = mCp∆T, where 

the Cp of superheated steam can be taken as half of that of water, i.e. 2.09 kJ/ kg K 
 
For industrial process heating, the best quality of steam is Dry saturated 

steam: 
Steam is preferred as heat carrier for many reasons. 
It has a very high heat carrying capacity, i.e. at a given temperature; more heat can 
be carried by unit quantity of steam than any other media. In the water stage, it has 
the second highest specific heat, which is only next to ammonia, considering every 
liquid in this world.  

The enthalpy of evaporation is highest amongst all liquids. Therefore once the steam 
attains dry and saturated condition, it contains the maximum amount of heat at that 
temperature. It is like a goods carrier, where you go on loading goods without 

increasing much weight. The weight can be compared with temperature in this case. 
It is the temperature which governs the cost of transport as weight governs the cost 
of transport in case of goods. For example saturated steam can be transported by 

carbon steel pipes which are less costly than high alloy steel pipes that are required 
to transport super heated steam.  

It is clean, non toxic and the raw material, i.e. water is abundantly available (2/3rd 
of the earth is covered by water). 
It does not need a motive force to travel, i.e. it does not require a pump or a 
compressor to move it from one point to other. 
It is a medium which can supply the maximum quantity of heat at a constant 
temperature. This is because of the very high enthalpy of evaporation (latent heat) 

in steam. At saturation temperature, heat can be drawn from dry saturated steam 
without any drop in temperature till the complete steam becomes hot water. For any 
other medium, for example air or oil, drawing heat would invariably result into drop 
in temperature in relation to H = mCp∆T. This unique characteristic make steam the 
only heating media that can be used in process heating where majority of the 
chemical processes take place at constant temperature. 

 
Steam Table: 

Various properties of saturated steam at different conditions are available in tabular 

form in a steam table. Steam tables are prepared both on the basis of pressure and 
temperature. In a pressure based steam table, 1 kg of water at 0oC is heated to 
saturated steam under different absolute pressure conditions and the following 
properties are tabulated. 
Temperature at which the boiling starts – which is known as saturation temperature 
and denoted by ts; unit is 0C 

Volume in m3 of that 1 kg of water when it reaches ts – this is known as specific 
volume of saturated water and denoted by Vf; unit is kg/ m3 
Volume in m3 of 1 kg of dry saturated steam after it has received latent heat of 

evaporation and every water molecule has become steam molecule while the 
temperature remains constant at ts - this is known as specific volume of saturated 
steam and denoted by Vg; unit is kg/ m3 

Enthalpy of 1 kg of saturated water, which is the total amount of heat that went into 
water while heating it from 0oC to ts – this is known as specific enthalpy of saturated 
water and denoted by hf; unit is kcal/ kg 
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Enthalpy of evaporation or latent heat required to convert 1 kg of saturated water to 
1 kg of saturated steam – this is known specific enthalpy of evaporation and 

denoted by hfg; unit is kcal/ kg 
Enthalpy of 1 kg of saturated steam, which is the total amount of heat that went into 
water while heating it from 0oC to saturated steam at ts – this is known as specific 

enthalpy of saturated steam and denoted by hg; unit is kcal/ kg. hg = hf + hfg 
It also tabulates the specific entropy of water and steam 
 

 
For finding out the enthalpy of steam at different condition, we again have to refer 
the temperature- enthalpy graph and a steam table.  

1. Enthalpy of Saturated water = m x hf  
2. Enthalpy of Saturated steam = m x hg  
3. Enthalpy of wet steam, with dryness fraction X = m x (hf + X x hfg) 
4. Enthalpy of super heated steam = m x (hg + Cp∆t) 
Where,  
m = mass of water or steam in kg 

hf = specific enthalpy of saturated water in kcal/ kg (from the steam table for the 
corresponding pressure) 
hfg = specific enthalpy of evaporation (latent heat) in kcal/ kg  

hg = specific enthalpy of saturated steam in kcal/ kg (hf + hfg) 
Cp = specific heat of super heated steam in kcal/ kg oC 
∆t = Final temperature of superheated steam – saturation temperature in oC 

 
For finding out the volume of steam at different condition, we again have to refer 

the temperature- enthalpy graph and a steam table.  
1. Volume of saturated water = m x Vf  
2. Volume of saturated steam = m x Vg  
3. Volume of wet steam, with dryness fraction X = m x X x Vg 
In 1 kg of wet steam with dryness fraction X, steam volume will be X kg and water 
volume would be (1-X) kg. If we refer the steam table, we will find the volume of (1-

X) kg of water would be negligible compared to volume of the steam part. That is 
why wet steam volume is considered to be only the volume contributed by the 
steam part. 
4. Volume of super heated steam = m x (Vg x Tsup/ Tsat) 
[Temperature of dry saturated steam will increase when heated further and it’s 
volume would also increase following the relation of a perfect gas, i.e. V1/T1 = 

V2/T2, when pressure is constant. Steam generation in boiler is a constant pressure 
process. the saturation temperature and superheated temperature are to be 
considered in Kelvin since gas law is being used.] 

 
Where,  
m = mass of water or steam in kg 
Vf = Specific volume of saturated water 
Vg = Specific volume of saturated steam 
Tsup = Superheated steam temperature in Kelvin 

Tsat = Saturation temperature in Kelvin 
 
The velocity of steam in m/s (V) can be found out if we know the steam discharge in 

m3/s (Q) and cross sectional area (A) of steam pipe in m2.  
V = Q/ A 
When the discharge is given in kg/h, we can convert the same in m3/h, by 

multiplying it with the specific volume of steam (m3/ kg) corresponding to that 
pressure. Vg would be the specific volume, when the steam is dry saturated, XVg in 



 

India Boiler dot Com 

Steam Properties 

 51 

case of wet steam with dryness fraction X, and (Vg x Tsup/Tsat), in case of 
superheated steam at temperature tsup. 

 
Steam from condensate: 
When condensate passes through a steam trap to atmospheric pressure, the 

following things are to be considered. 
Condensate at the upstream of the steam trap is saturated water at high 
temperature and pressure, specific enthalpy of which is hf (kcal/ kg) at 

corresponding pressure. If we refer a steam table, we will find the hf at higher 
pressure is more than the hf at atmospheric pressure (1.032 kg/ cm2). Therefore 
whenever the condensate is coming out of the steam trap, this additional heat will 

convert part of the water into steam, which is known as flash steam. We can find 
out the quantity of flash steam by considering total heat available in the condensate 
at higher pressure at the upstream of steam trap is equal to the heat available in the 
flash steam and balance condensate at atmospheric pressure. i.e. mw x hf1 (at 
higher pressure) = ms x hg (at atmospheric pressure) + (mw - ms) x hf2 (at 
atmospheric pressure). Both the flashed steam and the condensate will be at 

saturation temperature corresponding to atmospheric pressure, i.e. 100oC. 
It should be always kept in mind that the pressure column in the steam table refers 
to absolute pressure and not gauge pressure. Therefore, if the pressure given as 

gauge pressure, you have to convert it in absolute pressure, before referring steam 
table. 
 

Entropy of Water: 
It is an important thermodynamic property of a working substance, which increases with 

the addition of heat and decreases with its removal. 
The increase or decrease of entropy, when multiplied by the absolute temperature, gives 
the heat absorbed or rejected by the working substance.  
δQ = δφ x T or, δφ = δQ/T 

In general, addition of heat δQ to one kg of water will cause its temperature to rise by δT. 

Then δQ = Cp. δT where Cp= specific heat of water. 

∴∴∴∴ δφ= Cp (δT / T)   

The total increase entropy of water from 0oC to a saturation temperature of T K can be 
obtained by integrating between temperature limits of 273 and T 

φ2 - φ1 = Cp 273∫
T

 dT/T = Cp {{{{loge(T)}}}}
T
273   = Cp loge(T /273) 

  

Entropy of water at 00C (freezing temperature T0 = 273 K) is taken as zero. 
Entropy of water at boiling temperature Ts  is written as φw 
φw  = Cp loge(Ts /T0) = Cp loge(Ts /273)   

This value can be obtained directly from the steam tables. 

 Entropy of Evaporation (φe): 

Heat addition during evaporation takes place at constant temperature if pressure is 
maintained constant. If the steam formed is wet, having dryness fraction ‘x’, 
Entropy of evaporation, φe = xL / Ts 

If the steam formed is dry saturated, x=1,  
then the entropy of evaporation is φe = L / Ts 
The value of φe  = φs - φw  may also be obtained from steam table. 

 Entropy of Dry Saturated Steam: 

The entropy φs of dry saturated steam, reckoned from the freezing point of water (00C) is 

equal to the sum of water entropy (φw) and evaporation entropy (φe) 
    φs  =  φw + φe =  Cp loge(Ts /273)  +  L / Ts       

The value of φs may also be obtained directly from the Steam Tables. 

 Entropy of Superheated Steam: 
Entropy of Superheated Seam is calculated as follows: 
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φsup = The total entropy of 1 kg of superheated steam reckoned above the freezing 

temperature of water.  

φsup = Cpw loge  Ts/ 273 + L / Ts + Cps loge  Tsup / TS 
       = φw  + φe + Cps loge  Tsup / TS  = φs + Cps loge  Tsup / Ts 
Cps is the specific heat of superheated steam. 
  

External Work Done During Evaporation: 
The enthalpy of evaporation (latent heat) absorbed by the steam during evaporation is 
utilized in two ways: 

Firstly, in overcoming internal molecular resistance of water in changing its state from 
water to steam (vapour) and secondly, in overcoming the external resistance to its 
increasing volume during evaporation. 

The first of this effect of enthalpy of evaporation (latent heat) is called Internal Work 
because changes have been brought within the body itself, and the second is called 
external work because work has been done on the body externally. The first represents 

the energy stored in the steam and is known as internal latent heat and the second 
represents the energy which has passed out of the steam having been utilized in doing 
work and is known as external work of evaporation.  
The value of enthalpy of evaporation (latent heat) [= internal latent heat + external 
latent heat], can be directly obtained from the steam tables. In evaporating water to 
steam the volume increases from Vw to Vs under a constant pressure P; external work is 

thus done and the energy for performing this work is obtained during the absorption of 
enthalpy of evaporation. This work is known as external work of evaporation. 
 Work done per kg of dry saturated steam = 102xPx(Vg-Vf) kJ/kg  

where  P   = absolute pressure of steam in bar ,  
Vg = volume of 1 kg of dry saturated steam in m3 at pressure p, and  
Vf= volume of 1kg of water in m3 

At low pressure the volume of 1 kg of water is very small compared with the volume of 
the steam it forms. Hence, it is neglected from the above equation. 
And the equation may be written as 

Work of evaporation of dry steam = 102 PVg kJ/kg 
If steam is wet having a dryness fraction of x , the final volume of wet steam is xVs , then, 
External work done per kg of wet steam =   102 P(xVg)

   KJ / kg 
External work done per kg of superheated steam = 102 PVsup KJ/ kg 
The above expression for external work of evaporation gives the portion of latent heat 
which has been transferred into mechanical work or represents the heat energy which 

has passed out of the steam. The remainder of the heat energy supplied remains as 
internal energy or energy stored in the steam and is known as internal latent heat. It is 
found by subtracting the external work of evaporation from the full latent heat.  
i.e.   Internal Latent heat = hfg - 10

2PVg
   kJ / kg    (for dry saturated steam) 

For wet steam having dryness fraction x,  

Internal latent heat   =    x hfg - 10
2P(xVg)  kJ/Kg 

  
Internal Energy of Steam: 

The internal energy of steam is the actual heat energy above the freezing point of water 
stored in the steam and is the sum of internal latent heat and sensible heat reckoned 
from 00C. 
The total heat of steam consists of the sensible heat plus the internal latent heat and the 
external work of evaporation. But the external work of evaporation is utilized in doing 
external work and represents the heat energy which has passed out of the system. 

Hence, the internal energy of steam denoted by symbol ‘u’ consists of two terms only 
namely, the internal latent heat and the sensible heat.  
Thus, internal energy is found by subtracting external work of evaporation from the 
enthalpy of steam. 
If steam is dry saturated,  
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enthalpy hg  = ( hf + hfg ) KJ/kg  
and Internal energy  

U = hg – 10
2PVg kJ/ kg 

 
If steam is wet having dryness fraction x,  

enthalpy, Hwet = hf + Xhfg  KJ/kg   
and Internal energy  
   

U = Hwet – 10
2PXVg kJ/ kg 

 
If the steam is superheated to temperature tsup and volume Vsup m

3 per kg. 

Enthalpy of superheated steam Hsup  = hg+ Kp( tsup - ts) 
And Internal energy,  
 
U = Hsup – 10

2PVsup kJ/ kg 
 
Power generation cycle: 

Power is generated by steam with the help of Steam turbines, which convert the 
energy stored in steam into rotational mechanical energy. These machines are 
widely used for the generation of electricity in a number of different cycles, such as:  

• Rankine cycle  
• Reheat cycle  
• Regenerative cycle  

The Reheat and Regenerative cycle is a variant of Rankine Cycle.   
In the steam turbine, the steam undergoes isentropic expansion at various stage of 

the turbine from high pressure to low pressure.  
The following schematic view shows a simplified flow diagram and the process 
characteristic curve in an entropy/temperature diagram to indicate the 
thermodynamic evolution of the process (Rankine’s Cycle). 

 
      Basic thermodynamic process of a thermal power plant 

 
In the T-S diagram; 

• 1 to 2: Isentropic expansion (Steam turbine)  

• 2 to 3: Isobaric heat rejection (Condenser)  
• 3 to 4: Isentropic compression (Pump)  
• 4 to 1: Isobaric heat supply (Boiler)  

 
When the line 1-2 drops below the saturation line; steam becomes wet.  
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The dryness fraction of steam coming out of turbine should not fall below 0.88. There is 
heavy blade erosion due to the impact of water particles carried with the steam if the 

expanded exhaust steam is having a lower dryness fraction than that.  
Again the efficiency of the cycle depends on the maximum expansion of steam in the 
turbine, therefore longer the drop 1-2, higher the efficiency. Higher the degree of 

superheat, longer the drop would be without going below the saturation line. 
But, we can not increase the degree of superheat indefinitely due to metallurgical 
limitation. The inevitable effect of use of higher pressure in modern power plants is that, 

the saturation line is reached earlier during isentropic expansion as shown in the T-S 
diagram below 

 
Therefore, the reheating is essential in high pressure Modern power plants to increases 

the life of the plant as shown below.  

 
 
In this arrangement steam expands from 1-2 in a high pressure turbine and the 
exhaust steam is again heated from 2-3 by the re-heater and the finally the steam is 

expanded in a low pressure turbine from 3-4, thus getting the maximum output 
from steam. 
The advantages claimed for the reheat cycle are higher thermal efficiency, reduced 
feed pump power, smaller condenser, smaller boiler, long life of turbine and less 
handling of fuel and firing equipment 
 


