
ME 420   Professor John M. Cimbala Lecture 21    
 

Today, we will:  
 

• Finish the example: normal shock in a C-D nozzle; known shock location 
• Do another example: normal shock in a C-D nozzle; unknown shock location 
• If time, begin to discuss moving normal shocks and how they differ from stationary 

normal shocks  
 
[Example continued from previous lecture] 
Example – Normal shock at a known location in a converging-diverging nozzle 
Given: A large tank has upstream stagnation properties T0 = 800 K and P0 = 1.00 MPa. Air 
flows through a well-insulated converging-diverging nozzle. The back pressure is adjusted 
such that a normal shock sits at a location in the diverging portion of the nozzle where the 
area is twice the throat area. The nozzle exit area is three times the throat area. 
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To do: Calculate the pressure and Mach number at the exit plane. 
 

Solution:  
Assumptions and Approximations:  

The air is an ideal gas. The flow is steady. The flow is approximated as adiabatic, one-D, 
and isentropic up to the shock and after the shock. 

 
So far, from last time, 
 

• We used isentropic relations from the reservoir to the shock. Got M1 = 2.1972. 
• Used normal shock relations across the shock. Got M2 = 0.54743, P2/P1 = 5.4656, and 

P02/P01 = 0.62941. 
• Now we want to use isentropic relations again from the shock to the exit plane. But we 

do not know A*
2. 

 
 



 
 
  



 
 
 
 
 
  



 
 
 
 
 
  



 
 
 
 
I verified all calculations in Excel, using a given C-D nozzle geometry: 

 
 
 
 
 
  



Example – Normal shock at an unknown location in a converging-diverging nozzle 
Given: A large tank has upstream stagnation properties T0 = 800 K and P0 = 1.00 MPa. Air 
flows through a well-insulated converging-diverging nozzle. The nozzle exit area is three 
times the throat area. The back pressure is adjusted to 500 kPa. A normal shock sits 
somewhere in the diverging portion of the nozzle.  
 
 

 

Stagnation 
conditions: 

V ≈ 0 
T = T0  
P = P0  
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To do: Calculate the location of the shock in terms of its area ratio A/A*. 
 

Solution:  
Assumptions and Approximations:  

1. The air is an ideal gas. 
2. The flow is steady. 
3. The flow is approximated as adiabatic, one-D, and isentropic up to the shock. 

 
To be completed in class. 
 
 
 
  



 
 
 
 
 
  



 
 
 
 
 
 
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I put my calculations into Excel. The linear interpolation starts on the third iteration. 
 

 
  


