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Nozzles  

 In a properly designed nozzle the area changes with length in such a way as to make the 

flow nearly frictionless. In the limit of reversible flow, the rate of entropy increase 

approaches zero, and dS/dx = 0. In this event Eqs. (7.9) and (7.10) become: 

 

 

The characteristics of flow depend on whether the flow is subsonic (M < 1) or supersonic 

(M > 1). The various cases are summarized in Table 7.2. 

 

 

 

 

 

 

 

 

 

Thus, for subsonic flow in a converging nozzle, the velocity increases and the pressure 

decreases as the cross-sectional area diminishes. The maximum obtainable fluid velocity 

is the speed of sound, reached at the throat. 
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The relation of velocity to pressure in an isentropic nozzle can be expressed analytically 

if the fluid behaves as an ideal gas. Combination of Eqs. (6.8) and (7.3) for isentropic 

flow gives: 

 

Integration, with nozzle entrance and exit conditions denoted by 1 and 2, yields: 

 

where the final term is obtained upon elimination of V by Eq. (3.29c), PV
γ
 = const. 

Equation (7.11) may be solved for the pressure ratio P2/P1 for which u2 reaches the speed 

of sound, i.e., where 

 

 

The derivative is found by differentiation with respect to V of PV
γ
 = const.: 

 

 

 

These two equations together yield: 

 

With this value for   
  in Eq. (7.11) and with ul = 0, solution for the pressure ratio at the 

throat gives: 
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Throttling Process  

When a fluid flows through a restriction, such as an orifice, a partly closed valve, or a 

porous plug, without any appreciable change in kinetic or potential energy, the primary 

result of the process is a pressure drop in the fluid. Such a throttling process produces no 

shaft work, and in the absence of heat transfer, Eq. (2.32) reduces to 

 

For example, if steam at 1000 kPa and 573.15 K (300°C) is throttled to 101.325 kPa 

(atmospheric pressure), 

 

Interpolation in the steam tables at this enthalpy and at a pressure of 101.325 Pa indicates 

a downstream temperature of 561.95 K (288.8"C). The temperature has decreased, but 

the effect is small. 

Throttling of wet steam to sufficiently low pressure may cause the liquid to evaporate and 

the vapor to become superheated. Thus if wet steam at 1000 kPa (T
sat

/t
sat

=453.03K 

/179.88 
o
C) with a quality of 0.96 is throttled to 101.325 kPa, 

At 101.325 kPa steam with this enthalpy has a temperature of 382.95 K (109.8
o
C); it is 

therefore superheated (T
sat

/t
sat

  = 373.15K/l00°C). The considerable temperature drop 

here results from evaporation of liquid. 

If a saturated liquid is throttled to a lower pressure, some of the liquid vaporizes or 

flashes, producing a mixture of saturated liquid and saturated vapor at the lower pressure. 

Thus if saturated liquid water at 1000 kPa (T
sat

/t
sat

  = 453.03K/179.88
o
C) is flashed to 

101.325 kPa (T
sat

/t
sat

  = 373.15 K/l00
o
C), 

 

At 101.325 kPa the quality of the resulting steam is found from Eq. (6.73a) with M = H: 

 

 

 

Thus 15.2% of the original liquid vaporizes in the process. Again, the large temperature 

drop results from evaporation of liquid. 
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