
ME 420   Professor John M. Cimbala Lecture 07    
 

Today, we will: 
 

• Finish the example problem we started last time – converging duct 
• Discuss choked flow and choking in more detail 
• Discuss how to calculate the mass flow rate for converging nozzle flow 

 
Example: Converging duct flow 
Given: Air flows steadily from a large pressurized 
tank at pressure P0 into a converging duct that is open 
to another large tank at pressure Pb. The duct is 
insulated and we ignore friction. We measure: 
• P0 = 158.0 kPa 
• T0 = 520.0 K 
• Pb = back pressure = 101.3 kPa 
• Ae = exit area = 0.0130 m2  
 
To do:  
(a) Is the flow at the exit subsonic, sonic, or 

supersonic? 
(b) Calculate Me and Te for this case. 
(c) As we lower back pressure, at what value of Pb 

does the nozzle exit become sonic? 
(d) What happens if Pb < P*? 
 
Solution: 
Assumptions and Approximations: steady, ideal gas, adiabatic, isentropic, 1-D approx. 
 
Last time we did (a) and (b): 
(a) Flow is subsonic 
(b) Me = 0.823 (subsonic) and Te = 458. K 
 
Comments: 

1. Part (b) verifies Part (a) – namely that the Mach number at the exit is subsonic. 
2. The back pressure would need to be lower than the given back pressure in order to 

make the flow sonic at the exit plane. 
3. Notice how cold the exit temperature is. We wend from 520 K in the tank to 458 K at 

the exit plane, a drop of 62 K! 
4. Critical (* or sonic) conditions do not actually occur anywhere in this flow, but critical 

conditions are still useful in solving problems like this. 
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Converging nozzle (continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Let’s calculate the mass flow rate through the nozzle as a function of the stagnation 
conditions, the back pressure, and the exit area.  
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