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Outline
 Compressible Flow Regimes

•  Thermodynamics
•  Speed of Sound & Mach Number

 Isentropic Flows with Area Change
•  Variations with Mach number

 Shock Waves
•  Nozzle and Diffusers

 Flows with Heat Transfer
 Flows with Friction
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Flows with Friction (No Heat Transfer)

ME 326 G. Ahmadi

),S(hh  ),S(hh 

Equation of State

)P,S( )P,S(
h

ho

S

M=1

M>1

M<1
1

Select a v2
Mass  2
Energy  h2

State  S2
Point 2 could be any point 

on Fanno Line
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Energy Equation
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5 Equations for 
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Mach Number-Distance Relationship
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Property Ratios
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M T/T* P/P* Po/Po* V/V* fL*/D

0 1.2   0 

0.02 1.199 54.77 28.9 0.022 1773.4

0.5 1.143 2.14 1.34 0.535 1.069

1 1 1 1 1 0

3 0.428 0.22 4.23 1.964 0.522

Table 3 To2/To1=1
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Length to sonic state
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Mach Number-Distance Relationship
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Concluding Remarks

 Compressible Flows with Friction
 Fanno Line
 Mach Number-Distance Relationship
 Mass Flow Rate
 Pipe Lines with Friction
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