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Introduction
• When the real fluid flow past solid body, the

layer of the fluid adhering to the solid boundary

of body and condition of no slip occurs.

• The velocity of layer of fluid adhering to the

body is having velocity as that of solid

boundary.

• If solid body is fixed, then velocity will be xero. 

• Further away from solid boundary, the velocity keeps on raising.

• As a result of this velocity variation velocity gradient exist. This variation of velocity from zero

at solid boundary to free stream velocity (U) of the fluid in direction normal to the surface

takes place in narrow region of solid boundary. This region is called boundary layer.

• The theory dealing with this boundary is called boundary layer theory.



• According to boundary layer theory, The flow of fluid neighbouring to solid boundary will be divided in two 
regions as shown above.

1. a very thin layer of fluid called as boundary layer in immediate neighbourhood of solid boundary where
variation in velocity from zero to free stream velocity in direction normal to boundary causes velocity
gradient to exist, so the shear stress over the solid boundary is

2. The remaining fluid outside the boundary layer where velocity of fluid is uniform free stream velocity. As 
there is no variation of velocity, velocity gradient is zero. As a result shear tress is zero.
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• Types of boundary layer

• Consider a flat plate having free stream velocity
U.

• As soon as fluid moves over plate, because
plate is stationary, boundary layer starts
forming.

1. Laminar boundary layer- The leading edge of
the plate where the thickness of boundary layer is
small, the flow within this region is laminar, so the
region where laminar flow occurs is called laminar
boundary layer. And the length of plate over which
laminar boundary layer exist is called laminar
zone(x).
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• This could be evaluated using Reynolds number for flat plate taking (Re)x is 5*105, knowing U and ϑ



❑Turbulent boundary layer
• If the length of plate is more than 𝑥 as evaluated from Reynolds number, the thickness of boundary layer will go on 

increasing in downstream direction.

• The laminar flow becomes unstable and transition of flow occurs from lainar to turbulent within boundary layer. This 

short length of plate over which transition occurs is called transition boundary layer.

• Further downstream the flow becomes turbulent and turbulent boundary layer exist over remaining length of plate.

❑Laminar sub layer

• This is the region in turbulent boundary layer zone adjuscent to the solid surface.

• In this layer even though velocity variation is parabolic, assuming very small thickness, the velocity distribution is 

taking to be uniform.

❑Boundary layer thickness 𝜹
• It is defined as distance from solid body measured in y-direction to the point where the velocity of fluid is 

approximately equal to 0.99 times free stream velocity U. 

• It is denoted by symbol ‘𝛿 ‘

• There are three types of boundary layer thickness

• 𝛿𝑙𝑎𝑚- Laminar boundary layer thickness

• 𝛿𝑡𝑢𝑟- Turbulent boundary layer thickness

• 𝛿’ – thickness of laminar sub layer.
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• Displacement thickness (𝜹∗)

- It is the distance perpendicular to the boundary , by which free stream is 
displaced due to the formation of boundary layer.

- This thickness compensate for reduction in discharge/flow rate

- Mathematically,

• Momentum Thickness (𝜽)

- Additional thickness perpendicular to the boundary by which free stream should 
be displaced due to formation of boundary layer

- This thickness compensate for reduction in momentum of fluid.

- Mathematically
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• Energy Thickness(𝜹∗∗)

- - Additional thickness perpendicular to the boundary by which free stream 
should be displaced due to formation of boundary layer

- This thickness compensate for reduction in energy of fluid.

- Mathematically 
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• consider a flow of fluid with free stream velocity ‘U’ over a thin plate as shown in figure.

• The drag force can be determined on the plate if velocity profile near plate is known.

• Von-Karman suggested an equation by which the drag can be calculated .  The equation is

VON-KARMAM MOMENTUM INTEGRAL EQUATION

Where, 𝜏0- wall shear stress

𝜌- density of the fluid

𝜃- momentum thickness

𝑥- length of plate



• For the given velocity in laminar zone, transition zone or turbulent zone of a boundary layer, the shear stress 𝜏0
could be obtained from above equation.

• So, the drag force on small distance ∆𝑥 of the plate will be

• So, the total drag on plate of length L is

• Local Coefficient of drag 𝐶𝐷
∗

• Average coefficient of drag 𝐶𝐷

VON-KARMAM EQUATION



• Boundary conditions for velocity profile

- The following boundary conditions must be satisfied by the velocity profile whether is laminar 
or turbulent boundary layer.

- The conditions are

VON-KARMAM EQUATION



Problems On Laminar Boundary Layer Velocity Distributions





















LAMINAR BOUNDARY LAYER VELOCITY DISTRIBUTIONS



• For the turbulent boundary layer on the flat plat pate, the important parameters are

- The thickness of boundary layer

- Drag force on one side of flat plate

- Coefficient of drag

• The velocity profile due to turbulent boundary layer with zero pressure gradient is given by 
Blasius

• The value for shear stress 𝜏0 is taken as 

TURBULENT BOUNDARY LAYER VELOCITY DISTRIBUTIONS



TURBULENT BOUNDARY LAYER VELOCITY DISTRIBUTIONS













Total Drag On Flat Plate Due To Laminar And Turbulent Boundary Layer













Separation of Boundary Layer

Is negative---- the flow is already 

separated

---- the flow is on the verge of 

separation

Is positive---- the flow will not 

separate at all or the flow remains 

attached with the flow









Methods of Preventing Separation of Boundary Layer
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