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PIPE FLOW 
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Equivalent Pipe Equations:   
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LAMINAR FLOW IN CIRCULAR PIPES 
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Velocity at r: 
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Average Velocity: 
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TURBULENT FLOW IN CIRCULAR PIPES 
 

Entrance Length: 6/1(Re)4.4=
D
le  

Shear Stress: ( ) turblam'' ττρµµµτ +=−=+= vu
dy
du

dy
du

t  

 

Wall Shear Stress: 2

8
8

4
Vf

D
V

L
pD

w ρµτ ==
∆

=  

Friction Velocity: 
ρ
τwu =∗  

Average Velocity in the Viscous Sublayer: 
ν

∗
=
yu

u
u

*  

Viscous sublayer thickness: **
5
u
νδ =  

Average Velocity in the Overlap Region: 0.5ln5.2* +









=

∗

ν
yu

u
u

 

Average Velocity in the Turbuent Region: 
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The Gradient of Average Velocity: 
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Friction Factor: 
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Loss Coefficient for a Sudden Contraction: 
 

 
 
 
 
Loss Coefficient for a Sudden Expansion: 

 


