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Upstream the velocity profile is uniform, (free stream flow) a long way downstream we have the 
velocity profile as shown in figure. This is the known as fully developed flow. But how do we get 
to that state?  
This region, where there is a velocity profile in the flow due to the shear stress at the wall, we 
call the boundary layer or is the layer of fluid in the immediate vicinity of a bounding surface 
where the effects of viscosity are significant. The stages of the formation of the boundary layer 
are shown in the figure below:  
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• We define the thickness of this boundary layer as the distance from the wall to the point where the 

velocity is 99% of the "free stream" velocity, the velocity in the middle of the pipe or river.  

• Boundary layer thickness, δ = distance from wall to point where u = 0.99 umain stream  

• The value of δ will increase with distance from the point where the fluid first starts to pass over the 

boundary - the flat plate in our example. It increases to a maximum in fully developed flow.  

• Correspondingly, the drag force D on the fluid due to shear stress to at the wall increases from zero at 

the start of the plate to a maximum in the fully developed flow region where it remains constant. We 

can calculate the magnitude of the drag force by using the momentum equation.  

• Our interest in the boundary layer is that its presence greatly affects the flow through or round an 

object. So here we will examine some of the phenomena associated with the boundary layer and discuss 

why these occur.  
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1. Laminar Boundary Layer Flow 

The laminar boundary is a very smooth flow, while the turbulent boundary layer contains swirls or "eddies." 

The laminar flow creates less skin friction drag than the turbulent flow, but is less stable. Boundary layer 

flow over a wing surface begins as a smooth laminar flow. As the flow continues back from the leading 

edge, the laminar boundary layer increases in thickness. 

 

2. Turbulent Boundary Layer Flow 

At some distance back from the leading edge, the smooth laminar flow breaks down and transitions to a 

turbulent flow. From a drag standpoint, it is advisable to have the transition from laminar to turbulent flow 

as far aft on the wing as possible, or have a large amount of the wing surface within the laminar portion 

of the boundary layer. The low energy laminar flow, however, tends to break down more suddenly than the 

turbulent layer. 
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 In turbulent flow if the height of the roughness of a pipe is greater than the thickness of the laminar 

sub-layer then this increases the amount of turbulence and energy losses in the flow. If the height of 

roughness is less than the thickness of the laminar sub-layer the pipe is said to be smooth and it has 

little effect on the boundary layer.  

 In laminar flow the height of roughness has very little effect  
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Fully developed laminar parabolic velocity profile 
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Fully developed turbulent velocity profile 
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Once the boundary layer has reached the center of the pipe the flow is said to be fully 

developed. (Note that at this point the whole of the fluid is now affected by the 

boundary friction)  

The length of pipe before fully developed flow is achieved is different for the two 

types of flow. The length is known as the entry length.  

 Laminar flow entry length 120 diameter i.e. Le = 120 D 

 Turbulent flow entry length 60 diameter i.e. Le = 60 D 
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