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• This chapter introduces the fundamental theories of flow in pipelines 
as well as basic design procedures. 

• In this chapter, the pipeline system is defined as a closed conduit with 
a circular cross-section with water flows (flowing full) inside it.   

• It is a closed system, the water is not in contact with air (i.e. no free 
surface).  Flow in a closed pipe results from a pressure difference 
between inlet and outlet. The pressure is affected by fluid properties 
and flow rate. 

• For circular pipe, D represents the diameter of pipe, R is the pipe 
radius and L is the pipe length.  The cross-sectional area of the pipe 
can be calculated using  A = R2. 

Pipe Flow System 



Types of Flow 

Laminar and Turbulent Flow 



Turbulent Flow 



Viscous Pipe Flow: Flow Regime 
 Osborne Reynolds (1842-1912) 



Reynolds Number 



Simulation of turbulent flow coming out of a tailpipe 

Laminar flow Turbulent flow 

Reynolds Number 



Reynolds Experiment 



Reynolds Number 



Reynolds Number 



Reynolds Number 



Critical Reynolds Number 



Critical Reynolds Number 



Example 



Shear stress distribution across a pipe section 



Shear stress distribution across a pipe section 





Shear Stress in Pipes 



Velocity for laminar flow in pipes 



Velocity for laminar flow in pipes 



Laminar Flow in Pipes 



Example 



Example: Solution 



Example: Solution 

The velocity at any point r is found from 



Head loss for laminar flow in a pipe 



Rearranging gives 



Head Loss in Laminar Flow 



Example 











Example: Solution 



Example: Find volume flow rate Q 







 In general, friction factor is function of  (Re  and relative roughness height) 

 Laminar region is Independent of roughness 

 

 Turbulent region 

 Smooth zone 
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Empirical (experimental) relations for determining friction 

factor (f): 

If   Re > 105 
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Moody Diagram 



Pipe Entrance 

 Developing flow 

 Includes boundary layer and 

core,  

 viscous effects grow inward 

from the wall 

 Fully developed flow 

 Shape of velocity profile is 

same at all points along pipe 
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