
ME 420   Professor John M. Cimbala Lecture 09    
 

Today, we will: 
 

• Generate the area ratio vs. Mach number relationship for steady, adiabatic, isentropic 
one-dimensional duct flow of an ideal gas 

• Show various ways to solve the resulting implicit equation 
• Start an example problem – converging duct, calculate M and P at various x locations 

 
The area ratio vs. Mach number relationship (for steady, adiabatic, isentropic one-
dimensional duct flow of an ideal gas): 
 
Consider again our converging nozzle flow: 
 
From the previous lecture (also see equation sheet), 
we had: 

General case: 
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Choked case: 
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Stagnation 
conditions: 

V ≈ 0 
T = T0  
P = P0  
h = h0  

 

Pressurized 
tank 

 

Converging duct 

Pb = back 
pressure  

 

Ae = exit area  
 



 
 
 
 
 
  



Side Notes: How to solve an implicit equation 
 
Example: how to solve for Mach number M at a given value of A/A*? 
Given: The area ratio vs. Mach number relation for steady, adiabatic, isentropic, one-D duct 
flow of an ideal gas: 
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This equation is explicit if M is known and we are solving for area ratio. But the equation is 
implicit if we want to solve for M at a given value of area ratio. 
 
To do: Discuss various ways to solve for Mach number M at a given value of A/A*. 
 
Solution: To be completed in class. 
 
 
 
 
  



 
 

 
 
 
 
 
 
  



 
 
 
 
 
 
  



 
 
 
  


