
 

 

 

 

STATIONARY GAS FLOWS IN DUCTS WITH  

FRICTION AND/OR HEATING/COOLING  

REVISITED 
 

 

 

 

 



 

GENERALIZED CONSERVATION EQUATIONS 
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EQUIVALENT FORMS 
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FROM (4), (5) AND (6) … 
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NOTE: 

                                                        0 , 0f q      -  RAYLEIGH FLOW 

                                                        0 , 0f q      -   FANNO FLOW 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         0 , 0f q      -   FANNO FLOW                           0 , 0f q      -  RAYLEIGH FLOW 

 

 



 

EFFECTS OF FRICTION (FANNO) 
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INCREMENTAL/DIFFERENTIAL FORM OF THE LINEAR MOMENTUM EQUATION 
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DROPPING NONLINEAR TERMS ONE GETS 
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STARTING FROM THE BASIC FORM … 
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AND DROPPING NONLINEAR TERMS ONE GETS 
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AGAIN, FROM THE MASS CONSERVATION 
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SUMMARIZING 
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EFFECTS OF HEATING/COOLING (RAYLEIGH) 

 

INCREMENTAL/DIFFERENTIAL  FORM OF THE ENERGY EQUATION 
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AGAIN, FROM MASS CONSERVATION 
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AGAIN, FROM LINEAR MOMENTUM EQUATION 
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AFTER INSERTION ONE GETS 
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INCREMENTAL/DIFFERENTIAL FORM OF THE ENERGY EQUATION AGAIN … 
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AFTER DROPPING NONLINEAR TERMS … 
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USING THE FORMULA FOR TEMPERATURE ONE GETS 
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SUMMARIZING 
 

FLOW WITH HEATING ( 0q  ) 
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