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Topics 

• 1D isentropic flow with area change; 1D flow in a converging nozzle (Wassgren notes:  544  – 
551) 

 
Next Lecture Topic 

• Applications and examples 
 

 
 

  



Compressible Flow – Converging-Diverging Nozzles 

For air:   
k = 1.4, R = 287 J/(kg.K) = 53.3 (ft.lbf)/(lbm.degR) = 1716 ft2/(s2.degR) 

 
1D, steady, adiabatic flow of a perfect gas with no work other than pressure work 

 

   and   

  and   

 
1D, steady, isentropic flow of a perfect gas with no work other than pressure work 

  and     (for air (kair = 1.4), p*/p0 = 0.5283) 

  and   

  

  

 
Normal Shock Relations 
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C. Wassgren 544 Last Updated:  14 Aug 2010 
Chapter 12:  Gas Dynamics 
 

10. Flow in Converging-Diverging Nozzles 
 
Consider flow through a converging-diverging nozzle (aka a deLaval nozzle) as shown below.   
 
 
 
 
 
 
 
 
 
 
 
LetJs hold the stagnation pressure, p0, fixed and vary the back pressure, pB.  The plot below shows how the 
static pressure ratio, p/p0, varies with location, x, for various values of the back pressure ratio, pB/p0: 
 
 
 
 
 
 
 
 
 
 
 
Cases: 
1. There is no flow through the device since  pB = p0. 
2. There is subsonic flow throughout the device and  pE = pB.   
3. There is subsonic flow throughout the device except at the throat where pthroat = p* (Ma=1).  The flow 

is now choked; further decreases in pB will not affect the flow upstream of the throat.  The exit 
pressure will equal the back pressure,  pE = pB, since the flow is subsonic at the exit. 

4. Subsonic flow will occur in the converging section, sonic flow will occur at the throat (pthroat = p*), and 
supersonic flow will occur in the diverging section.  This type of flow is called correctly expanded 
flow or flow at design conditions since no shock waves form anywhere in the device and pE = pB. 

5. Subsonic flow will occur in the converging section and sonic flow will occur at the throat (pthroat = p*).  
A portion of the diverging section will be supersonic with a normal shock wave occurring at a location 
such that the subsonic flow downstream of the flow will have an exit pressure equal to the back 
pressure:  pE = pB.  As the back pressure decreases, the shock wave moves downstream of the throat 
and toward the exit.  The pressure rise across the shock wave also increases as the back pressure 
decreases. 

6. This case is similar to case 5 except that the shock wave is precisely at the nozzle exit.  The pressure 
just downstream of the shock wave equals the back pressure since the flow is subsonic there.  The flow 
everywhere within the C-D nozzle is isentropic except right at the exit. 

7. The flow within the C-D nozzle (and the exit) is isentropic.  The normal shock that was located at the 
exit for case 6 has moved outside the device to form a complicated sequence of oblique shock waves 
alternating with expansion fans (these are 2D phenomena to be discussed in a following section of 
notes).  This case is called the overexpanded case since the diverging section of the device has an area 
that overexpands the flow to a pressure that is lower than the back pressure.  External shock waves are 
required to compress the flow to match the back pressure. 

8. This case is similar to case 7 except that the flow outside of the device forms a sequence of expansion 
fans alternating with oblique shock waves (a sequence out of phase with the sequence mentioned in 
case 7).  This case is called the underexpanded case since the diverging section of the device has an 
area that is not large enough to drop the exit pressure to the back pressure.  External expansion waves 
are required expand the flow to match the back pressure. 
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