
ME 420   Professor John M. Cimbala Lecture 05     
 

Today, we will: 
 

• Continue to discuss isentropic, adiabatic duct flow & derive equations for ducts of 
variable area 

• Describe variable area duct behavior for subsonic, sonic, and supersonic flow 
• Discuss the significance of a throat (minimum area) in a variable area duct 
• Begin to discuss so-called critical properties of compressible flow 

 
Steady, isentropic, adiabatic, one-dimensional duct flow of an ideal gas (continued) 
Last lecture, we wrote the following equations: 
 
From the adiabatic condition (first law), 

dh VdV= −  (1) 
From one of the Tds equations, 

 
dPdh
ρ

=  (2) 

Equating (1) and (2), 

 
dPVdV
ρ

− =   (3) 

From conservation of mass (by differentiating), 

 0dA dV d
A V

ρ
ρ

+ + =  (4) 

Plugging Eq. (3) into (4) and rearranging, 

 2 0dA dP d
A V

ρ
ρ ρ

− + =  or, rearranging, 2
1dA dP d

A V dP
ρ

ρ
 = − 
 

 (5) 

Finally, a little more manipulation using the speed of sound and Mach number, 

 ( )2
2 1dA dP M
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= −  or, applying (3) again, ( )2

1
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Summary of the opposite behavior of subsonic and supersonic variable area duct flows: 

 
Figure 12-11 from Cengel & Cimbala 

 
Comparison of subsonic and supersonic nozzles: 
Subsonic water nozzle Supersonic rocket nozzle 

 
 



 
 
 
 
  



 
 
 
 
 
 
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

Stagnation 
conditions: 

V ≈ 0 
T = T0  
P = P0  
h = h0  

 

Pressurized 
tank 

 

Converging duct 

Pb = back 
pressure  

 

Ae = exit area  
 




