
Boundary layer theory 



Boundary layer theory 

• When a real fluid flows past a solid body or a solid 

wall, the fluid particles adhere to the boundary and 

condition of no slip occurs.

• This means that the velocity of fluid close to the

boundary will be same as that of the boundary.

• If the boundary is stationary, the velocity of fluid

at the boundary will be zero.

• Farther away from the boundary, the velocity will be higher and as a result of this variation 

of velocity, the velocity gradient & will exist.



Boundary layer theory 

• Away from the boundary the velocity increases gradually

and reaches free stream velocity at some distance from

the boundary and here there is a small region close to

the boundary where velocity gradient exist and this

region is known as Boundary layer region.

• In the boundary layer region the flow is highly

viscous and hence Bernoulli’s equation is not valid or

not applicable in boundary layer region



Boundary layer theory 

• Due to boundary of small region is known as BLR the velocity decreases due to 

boundary and there are losses.

• Due to boundary layer formations losses are arises but in the rivers, large diameter pipes

….etc we neglect but in small diameters boundary layer causes losses in properties like

viscosity.
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Boundary layer theory 

Growth of boundary layer over a flat plate: 

• When ever a real fluid flows pass a flat plate the velocity

of fluid on the plate will be same as that of plate velocity.

• If the plate at rest ,the fluid will also have zero velocity

and BLR will grow distance from the leading edge

• Up to certain distance BLR is laminar as the distance

from the leading edge increases the laminar BLR grows

in instability and flow changes from laminar to turbulent





Boundary layer theory 

Growth of boundary layer over a flat plate: 

It is found the even turbulent region close to the plate the flow is laminar and the

region is known as laminar sub layer. Laminar sub layer exist in turbulent boundary

layer region.



Boundary layer theory 

Boundary conditions :

At y=0 ;u=0

At y= δ ; 
𝑑𝑢

𝑑𝑦
= 0

At y= δ ;U =𝑈∞

At x =0 ; δ =0



Boundary layer theory 

Boundary layer thickness(δ) :

It is the vertical distance friom the boundary till the

point where the velocity becomes 99 % of the free

stream velocity

At At y= δ ;U = 0.99𝑈∞

But for the numerical we assume At y= δ ;U =𝑼∞



Boundary layer theory 

Displacement thickness (𝛅∗):

It is defined as the distance by which the solid boundary

must be shifted in case of ideal fluid to compensate for

the loss in mass flow rate due to boundary layer region

𝛅∗ = න

0

𝛅

1 −
𝑼

𝑼∞



Boundary layer theory 

Momentum thickness : 

It is defined as the distance by which the sloid body

must be shifted in case of ideal fluid to compensate

for the loss in momentum due to boundary layer

region

ϴ= 𝟎
𝛅 𝑼

𝑼∞
(𝟏 −

𝑼

𝑼∞
) dy



Boundary layer theory 

Energy thickness 𝜹∗∗ :

It is defined by the distance by which the distance

by which the solid boundary must be shifted in case

of ideal fluid to compensate for the loss in energy

due to boundary layer region.

𝜹∗∗ = 𝟎
𝜹 𝑼

𝑼∞
(𝟏 − (

𝑼

𝑼∞
)𝟐) dy















Boundary layer separation:

• When the real fluid flows in converging passage the

velocity increases and the pressure decrease and

hence fluid flows under negative pressure gradient

this flow is also known as accelerating flow.

• Hence boundary layer thickness decreases there

fore negative pressure gradients are known as

favourable pressure gradient



• When the fluid flows through

diverging pipe the velocity

decreases and pressure increases

the fluid under positive gradient

• If the angle at the divergence is large the retardation of fluid particles is more and at the

same point the moment of the fluid particles may not support the flow and flow might be

separate from its boundary and reverse in flow deviation is known as boundary layer

separation.

Boundary layer separation due to positive pressure gradient



Methods to control boundary layer separation:

1. accelerating the fluid in the diverging region .

2. Streamlining the body

3. Sucking the fluid in the boundary layer region

4. Keeping the divergence angle to a minimum





Moment equation for boundary layer by Von Karman 

(Explanation only )

• Consider  the flow of a fluid having free 

stream velocity equal to U ,over a thin plate. 

• the drag force on the plate can be determined 

if the velocity profile near the plate is known 

Consider a small length Δx opf the plate at a distance of x from the lading

edge the enlarged view of the small length of the plate



The shear stress near the plate 𝝉𝟎 = µ
𝒅𝒖

𝒅𝒚 𝒚=𝟎

Where
𝑑𝑢

𝑑𝑦 𝑦=0
is the velocity distribution near the plate at y = 0

Δ𝐹𝐷= drag force on distance Δx

Δ𝐹𝐷= drag force = the rate of change of momentum over the

distance Δx

Let ABCD is the control volume of the

fluid over the distance Δx

Edge DC = Outer edge of the boundary layer

u= velocity at any within the boundary layer

b= width of the plate















Von Karman momentum integral equation applicable for :


























