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UNIT – 4                                                            Flow Through Nozzles 
 

 

Velocity and heat drop, Mass discharge through a nozzle, Critical pressure ratio and its significance, 

Effect of friction, Nozzle efficiency, Supersaturated flow, Design pressure ratio. 

 
 

� Steam Nozzle: It is a passage of deviate cross-section; which converts heat energy of steam into 

kinetic energy with a minimum Loss. 

 

� Working: During the first part of the nozzle, the steam increases its velocity. And then the later part 

of the nozzle, in which the steam derives more in volume than in velocity. 

 

Note: 

 

1. Since the mass of steam which is passes through any section of the nozzle remains’ constant. 

 

2. The variation of steam pressure in the nozzle depends upon the velocity, specific volume and 

dryness fraction of steam. 

 

� Uses: The main use of steam nozzle in steam turbines is to produce a jet of steam with a high velocity. 

The smallest section of the nozzle is called throat. 

 

� Types of Steam Nozzles: 

 

1. Convergent nozzle: When the cross-section of a nozzle decreases continuously from entrance to 

exit, it is called a convergent nozzle. 

 

2. Divergent nozzle: When the cross-section of a nozzle increases continuously from entrance to 

exit, it is called a divergent nozzle. 

 

3. Convergent-Divergent nozzle: When the cross-section of a nozzle first decreases from its 

entrance to throat, and then increases from its throat to exit, it is called a Convergent–Divergent 

nozzle. 
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� Working of Flow of Steam through Convergent-divergent Nozzle: 

 

Portion-1: In the convergent portion steam enters the nozzle with a high pressure, but with a 

negligible velocity, thus there is a drop in the steam pressure with a rise in its velocity. There is also a 

drop in the enthalpy or total heat of the steam. This drop of heat is not utilised in joining some 

external work, but is converted into kinetic energy. 

 

Portion-2: In the divergent portion there is further drop of steam pressure with a further rise in its 

velocity. Again, there is a drop in the enthalpy or total heat of steam, which is converted into kinetic 

energy. 

 

� Interesting Note: It is interesting to know that the steam enters the nozzle with a high pressure and 

negligible velocity but leaves the nozzle with a high velocity and small pressure. 

 

Note: 
 

o The pressure, at which the steam leaves the nozzle, is known as back pressure. 

 

o No heat is supplied or rejected by the steam during flow through a nozzle. Therefore, it is 

considered as isentropic flow, and the corresponding expansion is considered as an 

isentropic expansion. 

 

� Nozzle efficiency: It is the ratio of useful heat drop to the isentropic heat drop. It is denoted by K. 

 

K = Useful Heat Drop / Isentropic Heat Drop 

 

How were we finding Useful heat drop & isentropic heat drop, so let’s discuss some given useful 

points for finding nozzle efficiency? 

 

When the steam flows through a nozzle, some loss in its enthalpy or total heat takes place due to friction 

between the nozzle surface and the flowing steam. This can be best understood with the help of h-s 

diagram or Mollier chart, as shown in Figure: 

 

Process of h-s Diagram: 
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1. First of all, locate the point A for the initial conditions of the steam. It is a point, where the 

saturation line meets the initial pressure (P1) line. 

 

2. Now draw a vertical line through A to meet the final pressure (P2) line. This is done as the flow 

through the nozzle is isentropic, which is expressed by a vertical line AB. The heat drop (h1 - h2) is 

known as isentropic heat drop. 

 

3. Due to friction in the nozzle the actual heat drop in the steam will be less than (h1- h2). Let this 

heat drop be shown as AC instead of AB. 

 

4. As the expansion of steam ends at the pressure P2, therefore final condition of steam is obtained by 

drawing a horizontal line through C to meet the final pressure (P2) Line at B'. 

 

5. Now the actual expansion of steam in the nozzle is expressed by the curve AB' (adiabatic 

expansion) instead of AB (isentropic expansion). The actual heat drop (h1 - h3) is known as useful 

heat drop. 

 

� Velocity of Steam Flowing through a Nozzle: 

 

Consider a unit mass flow of steam through a nozzle. 

 

Let  V1 = Velocity of steam at the entrance of nozzle in m/s, 

V2 = Velocity of steam at any section considered in m/s, 

h1 = Enthalpy or total heat of steam entering the nozzle in kJ/kg, and 

h2 = Enthalpy or total heat of steam at the section considered in kJ/kg. 

P1 = Initial pressure of steam in N/m2 

P2 = Pressure of steam at throat in N/m2 

V1 = Volume of 1 kg of steam at pressure (P1) in m3 

V1 = Volume of 1 kg of steam at pressure (P2) in m3 

A = cross-section area of nozzle at throat in m2 

 

We know that for a steady flow process in a nozzle, 

 

h1 + (1/1000).(V1
2 / 2) = h2 + (1/1000).(V1

2/2) + Losses 

 

Neglecting losses in a nozzle, 

 

(1/1000).((V2
2/2) - (V1

2/2)) = h1 – h2 

 

V2 = (V1
2 + 2000 (h1 – h2))1/2 = (V1

2 + 2000 hd)1/2    …………….(1) 

 

hd = Enthalpy or heat drop during expansion of steam in a nozzle = h1 – h2 

 

Since the entrance velocity or velocity of approach (V1) is negligible as compared to V2, 

therefore from equation (1), 
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V2 = (2000hd)1/2 = 44.75 (hd)1/2 

 

 

Practical Note: in actual there is always a certain amount of friction presents between the steam 

and nozzle surfaces. This reduces the heat drop by 10 to 15 percent and thus the exit velocity of 

steam is also reduced correspondingly. Thus the above relation may be written as: 

 

V2 = 44.72 (K hd)1/2 

 

� Mass of Steam Discharge Through Nozzle: 

 

The flow of steam, through the nozzle is isentropic, which is represented by the general law: 

 

Pvn = Constant 

 

We know that gain in Kinetic energy = V2
2 / 2 

 

Heat drop = Workdone during Rankine cycle = (n/n-1).(P1v1 – P2v2) 

 

Since gain in K.E is equal to heat drop, therefore 

 

V2
2 / 2 = (n/n-1).(P1v1 – P2v2) = (n/n-1) . P1v1 . (1 – P2v2 / P1v1) 

         

We know that; P1v1
n  = P2v2

n 

 
(v2/v1) = (P1/P2)1/n = (P2/P1)-1/2 

  

          v2 = v1 (P2/P1)-1/2       …………………(2) 

 

Substituting, the value of V2/V1 in equation (1), 

 

V2
2 / 2 = (n/n-1) . P1v1 . (1 – P2/P1 (P2/P1)-1/n) 

 

V2
2 / 2 = (n/n-1) . P1v1 . (1 – (P2/P1)(n-1)/n) 

 

V2 =  { 2 (n/n-1) . P1v1 . (1 – (P2/P1)(n-1)/n) }1/2 

 

Now the volume of the steam flowing per second 

= cross-sectional area of nozzle X Velocity of steam 

= A V2 
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 And volume of 1 kg of steam i.e. specific volume for steam at pressure P2 = v2 m3/kg 

 

 Mass of steam discharged through nozzle per second, 

     

m = Volume of steam flowing per second / Volume of 1 kg of steam at pressure P2 

 

  m = AV2 / v2 = (A / v2). { 2 (n/n-1) . P1v1 . (1 – (P2/P1)(n-1)/n) }1/2 

 

Substituting, the value of v2 from equation (2), 

 

m = (A/v1) . (P1/P2)-1/n . { 2 (n/n-1) . P1v1 . (1 – (P2/P1)(n-1)/n) }1/2 

 

m = A . { 2 (n/n-1) . P1v1 . [ (P2/P1)2/n – (P2/P1)(n+1)/n) ]  }1/2     …………….(3) 

 

� Critical Pressure Ratio (CPR): 

 

There is only one value of the ratio P2/P1, which produces maximum discharge from the nozzle. 

The ratio P2/P1, is obtained by differentiating the Right Hand Side of Equation and equated to zero 

for maximum discharge. We can see there are all the constant except P2/P1.  

 

 After differentiating; we get 

     P2/P1 = (2/n+1)n/n-1    …………….(4) 
 

The ratio P2/P1 is known as critical pressure ratio and P2 at the throat is known as critical pressure. 

 

� Maximum discharge through nozzle:  

 

Put equation (4) in eq. (3); we get 
 

mmax = A . { 2 (n/n+1) . P1v1 . [(2/n+1)2n/n-1 ]  }1/2    
 

� Saturated Flow through Nozzle: 

 

When dry saturated steam is expanded adiabatically, or isentropically, it becomes wet and is shown 

by a vertical line on Mollier diagram. 

 

We have already discussed in the above section that expansion of steam in an ideal nozzle is 

isentropic, which is accompanied by condensation process. If the steam is initially superheated, the 

condensation should start after it has become dry saturated. This is possible when the steam has 

proceeded through some distance in the nozzle and in a short interval of time. But from practical 

point of view, the steam has a great velocity (sometimes sonic and even supersonic). Thus the 

phenomenon of condensation does not take place at the expected rate. 
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As a result of this, equilibrium between the liquid and vapour phase is delayed and the steam 

continues to expand in a dry state. The steam in such a set of conditions, .is said to be supersaturated 

or in metastable state. It is also called supercooled steam, as its temperature at any pressure is less 

than the saturation temperature corresponding to the pressure. The flow of supersaturated steam, 

through the nozzle is called supersaturated flow or metastable flow. 

 

 
 

� Effects of Supersaturation: 

 

The flowing effects in a nozzle, in which Supersaturation occurs, are important from the subject point 

of view; 

 

1. Since the condensation does not take place during supersaturated expansion, so the 

temperature at which the Supersaturation occurs will be less than the saturation temperature 

corresponding to the pressure. Therefore, the density of supersaturated steam will be more 

than for the equilibrium conditions, which gives the increase in the mass of steam discharged. 

 

2. The Supersaturation increases the entropy and specific volume of the steam. 

 

3. The Supersaturation reduces the heat drop (for the same pressure limits) below that for 

thermal equilibrium. Hence the exit velocity of the steam is reduced. 

 

4. The Supersaturation increases dryness fraction of steam. 


