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5.6 BOUNDARY LAYER SEPARATION AND CONTROL – DRAG ON FLAT 

PLATE  

SEPARATION OF BOUNDARY LAYER 

When a solid body is immersed in a flowing fluid, a thin layer of fluid called the boundary 

layer is formed adjacent to the solid body. In this thin layer of fluid, the velocity varies 

from zero to free stream velocity in the direction normal to the solid body. 

Along the length of the solid body, the thickness of the boundary layer increases. The 

fluid layer adjacent to the solid surface has to do work against surface friction at the 

expense of its kinetic energy. This loss of the kinetic energy is recovered from the 

immediate fluid layer in contact with the layer adjacent to solid surface through 

momentum exchange process.  

Thus the velocity of the layer goes on decreasing. Along the length of the solid body, at 

a certain point a stage may come when the boundary layer may not be able to keep 

sticking to the solid body if it cannot provide kinetic energy to overcome the resistance 

offered by the solid body. In other words, the boundary layer will be separated from the 

surface. This phenomenon is called the boundary layer separation. The point on the body 

at which the boundary layer is on the verge of separation from the surface is called point 

of separation. 
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Figure 5.6.1 Effect of pressure gradient on boundary layer separation  

[Source: “Fluid Mechanics and Hydraulics Machines” by Dr.R.K.Bansal, Page: 649] 

The flow separation depends upon factors such as 

(i) The curvature of the surface 

(ii) The Reynolds number of flow 

(iii) The roughness of the surface 

The velocity gradient for a given velocity profile, exhibits the following characteristics 

for the flow to remain attached, get detached or be on the verge of separation: 
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Methods of preventing the Separation of Boundary Layer 

The following are some of the methods generally adopted to retard or arrest the flow 

separation: 

1. Streamlining the body shape 

2. Tripping the boundary layer from laminar to turbulent by provision of surface 

roughness 

3. Sucking the retarded flow 

4. Injecting high velocity fluid in the boundary layer 

5. Providing slots near the leading edge 

6. Guidance of flow in a confined passage 

7. Providing a rotating cylinder near the leading edge 

8. Energizing the flow by introducing optimum amount of swirl in the in coming flow 

PROBLEM 1: For the following velocity profiles, determine whether the flow is attached 

or detached or on the verge of separation: 
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