
ME 420   Professor John M. Cimbala Lecture 33    
 

Today, we will: 
 

• Continue to discuss Fanno flow quantitatively: manipulate the equations to get them in a 
form applicable to the solution of Fanno flow problems 

• Generate a procedure for solving general Fanno flow problems 
• Do some example problems – Fanno flow 
• Do Candy Questions for Candy Friday  

 
Review from previous lecture, Fanno flow (ideal gas): 
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After plugging (5) into (3) and doing a lot of algebra, 
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Finally, consider the choked case, where x2 = L*1 and set M2 = 1 since the flow is choked at 
the exit.  After a little more algebra, Eq. (6) becomes 
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Example: Fanno flow 
Given: Air at M1 = 0.300 enters a well-insulated 
(adiabatic) duct of length L and hydraulic diameter 
0.250 m. The average Darcy friction factor through the 
length of the pipe is 0.0230. 
 
To do: Estimate the maximum possible duct length 
that will not affect the inlet conditions. 
 
Solution: 
Assumptions and Approximations (consistent with our simplified Fanno flow analysis): 

1. The air is an ideal gas, and the properties do not change with temperature or pressure. 
2. The flow is steady and one-D. 
3. The flow is adiabatic but friction along the tube walls is not negligible. 
4. The Darcy friction factor f is approximated as constant based on conditions at the inlet. 

 
First we calculate  
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To be completed in class. 
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Example: Fanno flow 
Given: 
• Air enters a 5.0-cm diameter, 27.0-m long tube at 

450 K, 220 kPa, and 85.0 m/s. The average 
roughness height of the inside wall of the pipe is 
0.08 mm. 

• The pipe is well-insulated, but we need to be concerned about friction in the pipe since it 
is so long. 

 
To do: Estimate the temperature, pressure, velocity, and Mach number at location 2. 
 
Solution: 
Assumptions and Approximations (consistent with our simplified Fanno flow analysis): 

5. The air is an ideal gas, and the properties do not change with temperature or pressure. 
6. The flow is steady and one-D. 
7. The flow is adiabatic but friction along the tube walls is not negligible. 
8. The Darcy friction factor f is approximated as constant based on conditions at the inlet, 

and the Churchill equation is used to calculate f. 
 
To be completed in class. 
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